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' STATEMENT BY THE CHAIRMAN 


Marcu 8, 1960. 
To the Members of the Senate Select Committee on National Water Resources: 


Under the provisions of Senate Resolution 48, our committee is directed to study the extent and 
character of water resources activities, both governmental and nongovernmental, that can be expected to 
be required to provide the quantity and quality of water for use by our population, agriculture, and in- 
dustry between now and 1980, along with suitable provision for related values. Among other matters, 
the committee is directed to consider the character and extent of water resource projects that will be 
needed and the character of legislation that may encourage the adoption of new technical and improved 
processes for increasing the usefulness of available water resources. 

It has long been evident that one of our primary needs is for adequate consideration to be given all 
purposes in the development of water resources projects. This concept goes under the term of “com- 
prehensive, multiple-purpose development”’ and has been urged as an objective of river basin development 
since Theodore Roosevelt’s Inland Waterways Commission of 1907. It is evident that as demands for 
water grow it will be more and more necessary to consider multiple uses in all water resources activities, 
in order that all purposes can be served. As new techniques for making better use of water become 
necessary and are developed, these will have significant effects on our pattern of river basin development, 
as it becomes more and more necessary, if not mandatory, for us to put all of our water resources to the 
best possible use. 

In order to provide background information on the relationship of new technical methods to multiple- 
purpose development, this committee on August 18, 1959, approved a contract with a group directed 
by Dr. Edward A. Ackerman, a leading water resources expert, for the preparation of a report which 
would explore this subject and present full information concerning it for the committee. The contract 
was approved by the Rules Committee as of August 18, 1959. Under it, a report was called for contain- 
ing a summary of new technical developments, including but not limited to weather modification, evap- 
oration and evapo-transpiration reduction, desalination of saline and brackish waters, seepage control, 
waste water salvage, and the application of nuclear energy, as these techniques are likely to affect the 
planning of river basin development and future river management in the United States. The contract 
called for an evaluation of possible effects of such techniques on the manner of comprehensive river 
basin planning and on multiple-purpose river management, and for suggestions as to actions that might 
be taken to hasten or otherwise aid future application of beneficial new technology to comprehensive 
river development and water conservation. 

The excellent report furnished under the contract presents an interesting and thought-provoking 
survey of comprehensive, multiple-purpose water development as it is expected to be needed in the 
future. The report discusses the future environment in which water development is expected to be 
undertaken, the general relation of technological change to efficient water development and water 
management, and goes into the general and also some of the more specific problems on which attention 
will necessarily be focused in our future river basin development. It predicts that increasing water 
problems in virtually every part of the United States will require development of water resources on a 
scale and at a rate heretofore not experienced. It points out that extensive areas will have to go beyond 
present methods of development if requirements are to be met. In these areas, it projects the need for 
more advanced methods to achieve fullest possible use of surface waters, plus all that scientific research 
can make available from underground sources and the atmosphere. It advises taking the long-term view 


(tt) 








IV 


in considering action to meet the Nation’s growing water problems because any major program decision 
now will set the form of development for decades to come. 

Based on these findings the report advances eight suggestions as to actions for encouraging future 
efficiency in water resources development by improving the Nation’s water resources policies. The 
report suggests that, should they be deemed worthy by the Congress, four of these suggestions could 
be readily implemented without any change in our existing administrative and legal structure. These 
are as follow: 

(1) Provide for creation or completion of basinwide water regulation systems as a primary 
objective of Federal activity on all streams where appropriate. 

(2) Modernize and expand our basic data collection to adequately serve requirements of 
comprehensive development. 

(3) Protect dam, reservoir, and other sites needed for comprehensive development from 
future encumbrance for other less essential purposes, and 

(4) Recognize the future dominant importance to the Nation of meeting urban and 
industrial water requirements. 

The other four suggestions, which it is suggested would require careful and specialized study, and 
evolution of policy over a period of time in the light of such study, should the Congress be inclined to 
favor them, are: 

(5) Establishment of truly comprehensive development as the procedural pattern for all 
future Federal action in the water resources field, 

(6) Simplification of Federal program concerned with direct water use, 

(7) Development of strategy for growth and application of technical improvements in 
water resources development, and 

(8) More adequate recognition of the opportunities for economy in the development of 
large-scale projects, particularly in the field of electric power. 

The report suggests various specific ways in which the first four suggestions might be made effective, 
and by which appropriate deliberative study could be given the others as a means of determining whether 
and how they should be implemented. 

This report will be of value to you, to other Members of the Senate, and to all who are interested 
in finding the solution to the Nation’s water resources problems. Accordingly, I am having it printed 
as one of our committee prints on water resources activities which are being considered by the committee. 
It must be recognized that, as in the case of the previous reports, the views and policy recommendations 
contained in this report are those of its authors, and have not been adopted by the committee or the 
committee staff. 

Ros’r S. Kerr, 
Chairman, Select Committee 
on National Water Resources. 


PREFACE 


An engineer engaged in international practice recently said— 

When it is remembered that the water industry overshadows all other industries in the volume of the raw materials 
it handles, that investments in this industry now amount to the equivalent of $200,000 to $300,000 million and are ex- 
panding at the rate of $10,000 million a year, it is difficult to understand why modernization is so slow in coming.' 

This report, prepared at the request of the U.S. Senate Select Committee on National Water Re- 
sources, examines some aspects of modernization which may be of interest in the formation of public 
policy for this basic and extremely complex aspect of our national life. It examines reasons why effi- 
ciency may be needed in public participation in and leadership for water development. An effort is 
made to suggest what dynamic management of water resources may be, and to outline the opportunities 
and problems associated with known new techniques and the further application of research and ex- 
periment. The objective is achievement of true comprehensive development of U.S. water resources. 
The ratio of population to our water resources will increase sharply within this century, bringing acute 
pressure on some regional supplies. Although allocation and even rationing cannot be avoided in some 
situations, it is the business of technology and management to keep the need for these measures as near 
a minimum as possible. The suggestions set down herein are made in that spirit. 

Warm thanks are due to those who made the appearance of the report possible in its present form. 
Dr. Donald Patton assisted in a very able manner with research and data compilation throughout the 
preparation of the report. Appendix 10 and the model of water transportation (table H, appendix 11) 
were prepared by Dr. Patton. The report has profited much from the critical review given the mimeo- 
graphed edition by Dr. George O. G. Léf, of Denver, Colo., Mr. Frank L. Weaver, Washington, D.C., 
Mr. Maynard M. Hufschmidt, of Harvard University, Prof. Gilbert F. White, of the University of 
Chicago, Dr. Alfred Loehnberg of Mexico, D. F. Mexico, and Dr. Patton. Dr. Léf also assisted in the 
preparation of data on western water use. 

The permission of Arthur Maass and Maynard M. Hufschmidt to reprint excerpts from their forth- 
coming published account of the ‘“Harvard Program of Research in Water Resources Development” as 
appendix 4, and the time they gave in consultation on the preparation of the excerpts are much ap- 
preciated. The same is true for the careful attention and initiative of Franklin S. Pollak of the Bureau 
of State and Community Service, University of Colorado, who obtained the university’s permission to 
publish the excerpts in advance of the book which will contain the account of the Harvard program. 
The cooperation of the city of Phoenix, Ariz., and the city of Denver, Colo., in preparing data on their 
water use is acknowledged. The assistance of Roy Oltman of the U.S. Geological Survey helped much 
in the preparation of appendix 11. Special thanks are due to Mrs. Ailene J. Bauer of the Carnegie 
Institution of Washington for her advice and supervision of manuscript preparation. The hours pa- 
tiently endured by Barbara Kreimer and Marjorie Walburn of the Institution in typing and other tasks 
of manuscript preparation also are gratefully acknowledged. 

Responsibility for all statements made and conclusions reached in the report rests entirely with the 
author. 

Unless otherwise noted in the text, the discussion and data presented are limited to the 48 States 
comprising the middle latitude territory of the United States. 

Epwarp A. ACKERMAN. 

Wasuinerton, D.C, 

Revised March 10, 1960. 


1 Alfred Loehnberg, ‘‘ Water and Economic Development,” “Impact of Science on Society,” vol. LX (1958), pp. 43-44, 
(Vv) 
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THE IMPACT OF NEW TECHNIQUES ON INTEGRATED MULTIPLE-PURPOSE 
‘ WATER DEVELOPMENT 





(By Edward A. Ackerman) 


SUMMARY 


Water development is the matching of water 
supply to existing or potential demand for water 
and water services. The outstanding instruments 
to promote efficiency in development have been 
the techniques of integrated multiple-purpose 
design and management. The report commences 
with these assumptions: (a) Improvement in 
efficiency to the extent required by long-term needs 
will be a basic purpose in U.S. water development; 
and (6) multiple-purpose water regulation and 
integrated system operation of facilities for regu- 
lation are essential steps toward efficiency. The 
purpose of the report is an evaluation of the effects 
of future technology on these steps, and comment 
upon resulting public policy problems. 

Efficiency will be sought in future development 
because of the anticipated large total growth of 
population and economic requirements, a change 
to a heavily urban population concentrated in 
dense settlements of vast extent, the dispersal of 
industry and residential settlement, and changes 
in occupational structure creating needs for service 
industry employment. These pressures will be 
supplemented by locally organized land use plan- 
ning, and the astonishing acceleration of general 
technical progress to be expected in the Nation. 


New techniques 

As new requirements arise they may be met for 
a time everywhere by extensions of existing prac- 
tice; in some areas existing practice may be ade- 
quate indefinitely. However, the huge problems 
anticipated in some parts of the country suggest 
advantages in methodically evaluating possible 
additions to, or modification of existing practice. 
These additions or modifications are to be sought in: 

(a) Improved planning, design, construction, and 
operation of systems of multiple-purpose works.— 
The techniques which may be examined as offer- 
ing some potentially useful modification include 
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operations analysis, construction of consumption 
models, prognostic hydrology, materials economiz- 
ing design, construction methods and the use of 
nuclear explosives. 

(b) Exploration for, discovery, and exploitation of, 
new water supplies——The techniques worthy of 
consideration here are weather modification, geo- 
physical and other exploration of aquifers, and 
engineering experiment with ground water lifting. 

(c) Measures for conservation and reduction of 
demand.—Potentially useful techniques under this 
heading are recycling, water-conserving agron- 
omy, forest and range management for water 
yield, evaporation suppression, and planned loca- 
tion of demand by a publicly controlled land use. 

(d) Treatment and use of waters having substand- 
ard quality—Among these techniques are treat- 
ment of organic wastes, treatment of nonradio- 
active chemical wastes, treatment of radioactive 
wastes, desalting, sediment control, and water use 
priorities. 

General problems facing development 

The applicability of any one of these techniques 
profitably may be examined in the light of antici- 
pated general problems facing future water de- 
velopment, where efficiency is sought. Several 
such problems may be identified among the three 
major steps of development—planning, realiza- 
tion of development, and operational management. 
Among the problems mentioned in the report are: 

(a) The recognition of new types of regional re- 
quirements.—The traditional and simple distinc- 
tion between east and west no longer will suffice 
as a regional basis for policy formation. It is 
suggested that planning may be more efficiently 
and more satisfactorily undertaken if the existence 
of four distinct regions is recognized: ‘The south- 
western nine States, the northwestern eight 
States, the northeastern-midwestern urban zone, 











and the southeast. The southwestern and north- 
eastern-midwestern regions are the areas within 
which the heaviest pressure upon water resources 
will be reached in the future. Accordingly, they 
will offer the most stringent tests of policy, 
although this certainly does not mean the absence 
of development problems elsewhere in the country. 

(6) Scale of development and program design.— 
There may be opportunities for more complete use 
of economies of scale in integrated basin develop- 
ment. For example, the question of planning the 
entire Mississippi system as a unit still may be an 
open one. Problems of coordinating tributary 
and main-stem development also exist. 

(c) Achievement of scale economies in water- 
related services.—This is principally a question of 
economies of scale in the generation and distribu- 
tion of electricity. Full use of these economies 
has not been achieved in some populous parts of 
the country. Although most future additions to 
electricity generation will be fuel powered, hydro 
generation still will be important enough to war- 
rant considering size of distribution systems in 
connection with water policy. 

(dq) The weighting of future obsolescence in pro- 
gram design and financing.—The major works for 
storage and detention have service lives which can 
be determined, and are sufficiently long not to be 
of concern in the period studied. However, the 
accelerating rate of scientific and technological 
effort bring higher and higher probabilities of 
influential changes in costs of producing energy, 
manner of agricultural production, costs of trans- 
portation, and other facilities related to the final 
use of water. Assumption of a service life of more 
than a few decades therefore seems unrealistic for 
many facilities directly connected with final use of 
water. This is significant in the calculation of 
rates of return from vendible services and the 
confidence to be placed in exact schedules of 
repayment. 

(e) Coordination of Federal operations with those 
of other public or private agencies having impinging 
areas of interest.—Coordination should be under- 
taken in a manner which will assure that benefits 
from the economies of scale realizable through 
basinwide development or large-scale organization 
of distribution facilities will be available in all 
parts of the country where they are reasonably 
attainable. In addition, the Federal Government 
should be certain that large-scale developments, 


like some ground water “mining” on the Great 
Plains, is an efficient pattern for the long run, 
considering both private investment and probable 
needed later public investment. 


Comprehensive development 

These general problems clearly indicate a 
situation some time within this century in which 
water requirements will cause the Nation to go 
beyond traditional approaches to water develop- 
ment. For this new type of approach the term 
“comprehensive development” is suggested. By 
it we mean the application of integrated multiple- 
purpose design, planning and management which 
include joint consideration of ground and surface 
waters, conservational and other measures for 
“engineering” of demand, and the treatment and 
management of waters having substandard quality. 
Consideration of every appropriate technique 
would be a routine part of planning for develop- 
ment. It is the thesis of the report that compre- 
hensive development will be achieved by the 
United States as standard practice at some time 
during the remainder of this century. It is also 
believed that its application, understood in these 
terms, will be highly desirable at an early date in 
the nine Southwestern States. To a degree it also 
will be needed in the northeastern-midwestern 
urban zone. A methodical evaluation shows that 
nearly all of the techniques here described under 
comprehensive development are applicable within 
the southwestern river basins. 

If comprehensive development is accepted as 
desirable future practice, several further problems 
bear mention. The first is the protection of 
reservoir and dam sites from encumbrance by land 
uses which forestall future efficient river basin 
development. A second is the need to review 
and plan a strategy for fundamental research in 
scientific disciplines related to water development. 
In spite of the huge national effort going into 
science at the present time, some program expan- 
sion in fields like atmospheric physics, hydrology, 
and plant genetics might prove potentially valu- 
able for later water development. A third is the 
need for improvement in basic data coverage. 
An adequate basic data policy should prepare the 
ground for full realization of the economies of 
scale through integrated multiple-purpose regula- 
tion; it should permit the drafting of efficient long- 
range plans of ground water exploitation which is 
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integrated with surface water use; it should pro- 
vide projections of precipitation cycles; it should 
provide for foresighted monitoring of water 
quality; it should provide inventories of unused 
supplies; and it should anticipate the application 
of comprehensive development. 

A fourth problem will be the need for experiment 
with innovations in development procedure. Asa 
nerve center for stimulating research, as the prin- 
cipal ‘‘entrepreneur”’ for large-scale water control, 
and in several other vital roles, the Federal Gov- 
ernment has an important responsibility for timely 
experiment with innovations in technique, innova- 
tions in administrative organization, and other new 
departures which can improve the efficiency of de- 
velopment and management. A technically co- 
ordinated view of the components of comprehen- 
sive development will be needed by the Congress, 
as well as professional study of the strategic timing 
of support for experiment. 

A fifth problem is the provision of means for 
evaluating progress and reviewing experience in 
development on an interdepartmental level. In 
practice the Federal Government in recent years 
has tended to discharge this important function 
mainly by assigning responsibility periodically to 
a temporary agency. Continuance of the present 
review policy into a future pattern of comprehen- 
sive development would leave inadequate coverage 
for one important step toward efficiency. 

A final problem is that of the choice of Federal 
functions. Future comprehensive water develop- 
ment will be a far more complex planning, entre- 
preneurial, and management task than anything 
yet undertaken; the rate of future development 
also must be at a pace far in excess of any previous 
experience. Considering the increasing burdens 
which may be expected to fall on the Congress, and 
the responsibility that rests on the Congress for 
many water development decisions, the choice of 
Federal functions becomes a pertinent question for 
policy review. The exercise of too many responsi- 
bilities by the Federal establishment may be just 
as discouraging to efficient development as too 
few. Past experience suggests that basinwide 
stream regulation, and the leadership for research, 
pilot plant experiment, and other technical ac- 
tivities can be efficiently discharged by the Fed- 
eral establishment. On the other hand, the most 
careful decisions about creating facilities for direct 
local use of water services are made where local 


bodies assume a major part of financial responsi- 
bility for the enterprise. 
Policy suggestions 

The report concludes that Federal leadership 
toward efficient development and use is vital if 
the national water requirements are to be met 
between 1960 and 2000. The following sugges- 
tions are made for a Federal Government policy 
which will provide that leadership: 

(1) Establish comprehensive development, along 
the general lines defined in the report, as the pro- 
cedural pattern for future Federal action in water 
resource development. 


(2) Make the creation or completion of inte- 
grated basinwide water regulation systems a 
primary objective of Federal activity on all 
streams where physical conditions and the legally 
determined Federal interest make such regulation 
appropriate. This course is suggested in a belief 
that a basic water control system in each basin is 
at least as important a part of the national pro- 
ductive plant as the national system of defense 
and interstate highways is to our transportation 
network. 


(3) Simplify the Federal program concerned 
with direct water use. It is suggested that the 
Federal Government clearly distinguish direct use 
projects as primarily for the entrepreneurship of 
States, municipalities, local public bodies, and 
private enterprise. Included among such works 
would be all irrigation pumping and water distri- 
bution facilities, local flood prevention and drain- 
age, water quality improvement facilities, water 
distribution to municipalities, rural water districts, 
and industrial districts, single-purpose hydropower 
projects, and water recreation facilities. Where 
the Congress decides that the national interest is 
served by Federal stimulation of direct-use pro- 
jects, Federal participation could be satisfactorily 
undertaken through grant and loan procedures. 
A Development Loan Fund to provide low interest 
loans could be a central instrument to such a 
policy. 

(4) Develop strategy for the growth and appli- 
cation of technical improvement. In particular, 
recognize that the quality, amount, and direction 
of fundamental scientific research in certain 
fields is vital to the progress of water development 
techniques, and that continuous attention profit- 
ably can be paid to the strategy of Federal en- 








couragement or support of such research. The 
objective would be that of recognizing the “grow- 
ing points” in the advance of science and tech- 
nology, and seeing that they are applied to water 
development. 

(5) Recognize the need for modernizing and 
expanding basic data collection in a manner 
which will serve adequately the future require- 
ments of comprehensive development. 

(6) Establish the means for protecting from 
encumbrance reservoir sites, dam sites, and other 
sites for future works anticipated as necessary to a 
program of comprehensive development. 

(7) Recognize the future dominant importance 
of meeting urban industrial requirements in 
planning the progress of the national water devel- 
opment program. 

(8) Recognize that there is substantial oppor- 
tunity for further consumer benefit through 
economies of scale in services related to water, 
particularly in electricity generation and dis- 
tribution. 

Four of these elements of policy could be imple- 
mented readily within the existing Federal admin- 
istration structure. Four others would require 
careful and specialized study and more deliberate 
implementation. These are the establishment of 
comprehensive development, simplifying the Fed- 
eral program concerned with direct water use, a 
strategy for technical improvement, and encourag- 
ing the employment of related economies of scale. 
Several first steps toward implementation of the 
last four elements are: appointment of a small 
professional advisory staff under joint sponsorship 
of the Senate (or Senate and House) committees to 
study thoroughly the application of comprehensive 
development techniques; an executive branch 
study of the possibility of simplifying Federal 
participation in direct-use water projects; an 
executive branch study of national opportunities 








for economies of scale in electric power generation 
and distribution; and the creation of two regional 
water development study commissions of tempo- 
rary tenure, one for the nine Southwestern States, 
and the other for the Northeastern-Midwestern 
States. 

The above policy suggestions have been offered 
in a belief that they will enable substantial gains 
in efficiency for national water development, en- 
able full use of scientific and technical resources 
in future development, permit a higher degree of 
flexibility in programing than at present, simplify 
the burden of deliberation and decision on the 
part of Congress, and provide a clearer division 
of activities between Federal and non-Federal 
jurisdictions. It is believed that implementation 
of these elements of policy could evolve gradually 
within the existing administrative structure, 
avoiding disrupting major changes of administra- 
tive responsibility. 

Finally, policy change should be considered be- 
cause of the importance of water development 
techniques as instruments of economic develop- 
ment in our foreign policy. The preeminent 
position which the United States has enjoyed in 
this field in the postwar period now is being 
challenged by the rising technical competence of 
the Soviet Union and its massive, spectacular 
projects. For this reason the United States may 
examine with profit the means of creating a still 
more advanced overall technique in this country. 
It is believed that the policy suggestions herein 
offered may contribute to the evolution of an 
efficient and highly flexible technique of water 
development applicable to a wide variety of foreign 
environments as well as to our own. In its policy 
choice the Congress has an opportunity to demon- 
strate alertness to efficiency and advanced tech- 
nique in a basic public enterprise of peaceful 
intent. 





I. Present DesiGn or INTEGRATED MutrtiepLte-PurPOsE DEVELOPMENT 


This report is an evaluation of the effect of 
future technologic potentialities upon integrated 
multiple-purpose water development, and an 
identification of resulting problems of public 
policy. The period to be considered is chiefly the 
20-year interval between 1960 and 1980, but fore- 
sighted planning also requires an examination of 
the 1980-2000 period, insofar as possible. To make 


such an evaluation one needs to choose and anlyze 
the techniques themselves, project the economic 
environment of future water development, and 
understand the nature of integrated multiple- 
purpose water development. 

Water development, described simply, is the 
matching of water supply to existing or potential 
demand for water and water services. In a nation 
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as culturally advanced as the United States, water 
development is one of the most complex activities 
undertaken by man. It is complex because the 
needs for water are universal, and they often are 
so heavily concentrated in one place that they 
cannot be met by nearby water supplies. It is 
complex because many different needs must be 
served, and these needs often are competing or 
conflicting, especially in the areas of water 
scarcity. It is complex because water availability 
shows wide variations geographically and over 
time which are ill matched with demands. There 
are cyclical, annual, monthly, and daily variations 
in the range of flow of surface waters, the most 
readily available, commonly used, and valuable of 
our water supplies. Most streams have minimum 
flows which are a mere fraction of their maximum 
discharges, and far below the mean flow. It is 
complex because water supplies today vary almost 
as widely in their available quality as they do in 
available quantity. Water uses also vary widely 
in their tolerance of suspended solids and dissolved 
minerals, the two most important determinants 
of water quality. Finally, water development in 
the United States is complex because this is a land 
of large river basins and many tributary basins. 
The hydrology of these tributary basins is so 
closely related to all water supply downstream 
that water uses may become intimately inter- 
related and interdependent within each major 
basin. 

Under these circumstances careful, profession- 
ally planned management becomes imperative. 
As settlement increases in density and water uses 
increase in their intensity, it becomes necessary at 
some point to manage water in such a way that 
competition among uses is reduced or avoided, 
complementarity of use is increased, and efforts 
are made to obtain the maximum amount of serv- 
ices from the water available. In other words, 
we seek improvement of efficiency ' in the manner 
of our water use, as well as justice in its allocation. 
One way of doing this where water is scarce has 
been to establish priorities both among individual 
consumers and among types of use. Thus far, 
however, priorities have been much more instru- 
ments for achieving order and justice in water use 
than they have been instruments for improving 
efficiency. 


1 Efficiency is defined in sec. ITI, p. 13. 


The outstanding instruments thus far developed 
in the United States to promote improvement of 
efficiency have been the techniques of integrated 
multiple-purpose design and management. Con- 
sidered from a public point of view their advan- 
tages already are so well proven that they in- 
evitably will be the foundation upon which future 
improved planning and management will be built. 
They are absolutely fundamental to any future 
national review of public policy in water develop- 
ment. 

The basic physical means for improving the 
efficiency of natural waterflow to meet economic 
demands are regulation works, principally storage 
reservoirs. The reason for storage is the detention 
of surplus waters until they can be used, or the 
conversion of natural streamflow patterns into the 
more useful regulated flows. Such detention may 
be undertaken either for a single purpose or for 
two or more purposes. Multiple-purpose storage 
(and release) has proven far more economical than 
a series of single-purpose works because: (1) It 
increases the scale and lowers the capital costs of 
storage, (2) It takes advantage of complementarity 
among uses and thereby increases the range of 
services available from a unit of storage. It also 
lowers operational costs for the same reasons. 
When several different purposes are served by flow 
regulation works, as a storage reservoir, a larger 
installation may be possible than for single pur- 
poses. Lower capital costs per acre-foot of water, 
per-kilowatt hour of electricity, and for other 
services are achieved. Some “scale economies” 
thus are attainable through multiple-purpose 
design and operation. In addition, the same 
reservoir storage space to some degree may serve 
different purposes at different seasons, thus yield- 
ing economies from complementarity. 

A basic unit in integrated multiple-purpose 
development therefore is the multiple-purpose sur- 
face reservoir. Multiple-purpose surface reservoir 
operation essentially is the synchronization of 
water detention and release with two or more types 
of demand which may be incident upon a single 
flow or a single source of water. The operational 
objective is that of scheduling supply so as. to 
produce maximum net benefits. This is done by 
increasing complementarity and reducing competi- 
tion among uses. An ideally managed water 
supply would have all possible uses brought to 











such a condition of complementarity that the 
maximum economic and social benefits wou'd be 
produced for the investment and operational costs 
incurred. Institution of multiple-purpose reser- 
voir management always is a step in this direction. 
In the United States the principal development 
purposes around which multiple-purpose operation 
has been planned are irrigation, navigation, flood 
prevention, and electric power production. De- 
velopment for these purposes, however, must be 
consistent with the long-established priorities of 
domestic water supply. Still other purposes are 
of increasing importance for multiple-purpose 
management: industrial water supply, waste 
carrying, and recreational use. 

Although development and management for all 
of these purposes is needed in few localities in 
this country, development for a majority of them 
in differing combinations is a certain need in all 
densely settled sections of the country. 

The second important technique for increasing 
the efficiency of a natural water supply is the 
interrelated operation of two or more units of 
storage or supply in an integrated system. Some 
important advantages of large-scale operation of 
water facilities may be achieved by the construc- 
tion of large individual structures for multiple 
purposes; these advantages often may be greatly 
enhanced through the technique of merging 
operation of two or more units of supply into an 
integrated system. Economies of scale again 
are possible.* 

Integrated operation is the management of a 
system of complementary facilities under a single, 
overall control (not necessarily under single owner- 
ship) in the manner which maximizes the combined 
net benefits from the operation of the individual 
reservoirs and other facilities. Integrated opera- 
tion will yield considerably more than the sum of 
benefits from the component facilities inde- 
pendently managed. Two varieties of integrated 
operation may be distinguished: fully integrated 
operation of a complete system under a single 
management, as in the Tennessee Valley; and 
coordinated operation of facilities by joint agree- 
ment among several agencies, as on the Columbia 

*It is here assumed that the efficiencies of integrated multiple-purpose 
development are common knowledge and that detailed proof need not be 
offered for the above statements. If brief reference to such proof is desired, 


see E. A. Ackerman and G, O, G. Léf, ““Technology in American Water 
Development,” Johns Hopkins Press, Baltimore, 1959, pp. 192-194, 244-248. 


River. The differences between these two varieties 


will not be evaluated here. It suffices that they 
are dedicated to the same principle. Either 
method demonstrates clearly the scale economies 
to be achieved within a single river basin by inte- 
grated system operation of facilities. 

Ideally a system of reservoirs is designed with 
built-in flexibility for integrated operation. How- 
ever, even a set of separately planned works, so 
long as they are in the same basin, may be operated 
in an integrated manner with some gain in net 
benefits. 

Integrated operation also may and more fre- 
quently will, include subsurface storage facilities. 
Recognition of the unity of surface and ground 
water resources is a logical extension of design and 
management on an integrated pattern. As Loehn- 
berg has observed, the planned manipulation of 
ground water greatly extends the usefulness of 
river basin development.* Ground water storage 
near the middle or upper reaches of streams can 
add substantially to the system economies of a 
series of reservoirs. 

A third means of improving the efficiency of 
natural water supply is the interconnection and 
integrated system operation of regulating facilities 
in two or more river basins. This is brilliantly 
conceived and most clearly illustrated in the 
California State Water Plan of interconnection 
and water exchanges reaching from the Trinity 
River of northern California to the Imperial Valley 
of southern California. Applied to only a few 
situations thus far this step is likely to receive 
more frequent attention in future U.S. water 
development. 

This report accordingly commences with three 
assumptions. They are: (1) Improvement of the 
efficiency of water supply to the extent required by 
long-term needs will be one important public 
objective in water development.** This will mean 
planning and operation of projects so as to attain 
maximum net benefits from all purposes. (2) 
Multiple-purpose regulation is an indispensable 
technique for improving efficiency. (8) Integrated 
system operation of regulation works is a second 
indispensable technique, which will be an accepted 

# Alfred Loehnberg, letter to the author, March 3, 1960. 
4« There also may be, and certainly will be, other public objectives in devel- 
opment, along with efficiency. However, the major influences of technology 


touch efficiency most closely. Reference to improvement of efficiency there- 
fore will be prominent in this report. 
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form of eventual management for every intensively 
used river basin. Conversion of existing separately 


operated works into integrated systems is included. 


In some situations of water scarcity or intense 
demand integrated system operation will apply 
to regulation works located in two or more basins. 





II. Tae Furure Tecunico-Economic ENVIRONMENT IN Wuich WATER DEVELOPMENT 
Wiut Be UNDERTAKEN 


We have just stated an underlying assumption 
of the report: one basic public objective in water 
development will be the improvement of efficiency 
of water supply to the extent required by long- 
term needs. Since this assumption obviously per- 
mits some flexibility in interpretation, a summary 
evaluation of long-term needs is essential to any 
analysis of the relation of technology to integrated 
multiple-purpose development in the period 1960— 
80. In other words, an understanding of the na- 
ture of the future technico-economic environment 
of the Nation must be at hand to answer the 
question: to what extent will the Nation seek effi- 
ciency in water development? 
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Even though the period to be considered here 
is that of 1960-80, the likely technical and eco- 
nomic environment of years beyond 1980 also 
should be considered. The longer view is nec- 
essary because the form of water development for 
decades ahead is set in any major program decision. 
Obviously a number of decisions which will greatly 
influence the form of 1980-2000 water supplies 
will be made between 1960 and 1980. These deci- 
sions especially will be encountered in planning 
integrated multiple-purpose development. 

There are six features of the technical and eco- 
nomic environment which may give clues as to 
likely future pressure for improved efficiency in 
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Figure 1.—Regional comparisons of land area, runoff, and possible population totals, year 2000. Land area comparisons 


are for middle-latitude United States only. 


Regional percentages of total U.S. population as estimated for 1958 


(173,260,000) were: Northwestern States 5 erie Southwestern States 19 percent; Northeastern States 59 percent; 


and Southeastern States 17 percent. 
562737—60——2 











water development. They are: (1) The people of 
the United States—their total number, their loca- 
tion and mode of life, and their level of wants; 
(2) the size, type, and location of manufacturing 
industries; (3) the nature and location of agri- 
cultural production; (4) other aspects of land use 
influencing water requirements, as, for example, 
national defense establishments; (5) the general 
rate of technical progress in the Nation; (6) con- 
tinued spread of land use planning at lower gov- 
ernmental levels, 

Population * 

Sompared to the present population of approxi- 
mately 179 million in the United States, Census 
Bureau estimates place the national total for 1980 
somewhere between a low estimate of 230 million 
and a high estimate of 272 million. Similar pro- 
jections to the year 2000 bring the totals for that 
not-so-distant year to a range between 293 mil- 


4 See also app. 1. 





Fiaure 2.—Two major U.S. areas with numerous urban settlements and high percentages of employment in pursuits 

associated with urban centers: (1) generalized boundaries of 1960 areas; (2) possible future extensions of the north- 
The two areas together comprise about 18 percent of middle latitude U.S. land area; it is 
probable that 60 percent of the U.S. total population will reside within them by the end of the century. 


eastern-midwestern area. 








lion and 417 million. Thus it seems entirely 
possible that the population of the United States 
will be doubled by the year 2000, and even the 
minimum estimate indicates an enormous in- 
crease. A high percentage of these people will 
be urban residents, dependent upon urban pur- 
suits. The time is likely to come within the 
century when not more than 5 percent of the 
country’s total population will be directly sup- 
ported by primary agricultural production. While 
any estimate of the regional location of total 
population is subject to a wide margin of error, a 
generalized breakdown could logically place 70 
to 71 percent of them in the eastern 31 States, 
23 to 24 percent in the southwestern 9 States, 
and 5 to 6 percent in the northwestern 8 States 
(fig. 1). Furthermore, it is likely that more than 
half of the population will be concentrated in 
two very densely settled areas, the industrial 
belt of the Northeast and Midwest, and in Cali- 
fornia (fig. 2). Probably 60 percent of the total 
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population will be in these two areas, which 
together comprise only 18 percent of the country’s 
land area (Alaska and Hawaii excepted). There 
are many indications that levels of living, and 
therefore levels of consumption, also may be 
expected to rise notably. Resources for the Fu- 
ture estimates place the 1980 per capita gross 
national product at 1% times that of 1959, and 
that of 2000 at 2.4 times the 1959 level.’ There 
also is every indication of impending decrease 
in the number of working hours, and, therefore, 
increase in the amount of leisure time available 
to the average person during these years. 

The location of manufacturing industries 

Only a qualitative estimate of the relative con- 
centrations of manufacturing in the several regions 
of the country will be attempted. Quantified pro- 
jections rest on so many assumptions that they 
have little value for periods beyond a few years. 
Two features of future manufacturing location 
seem certain enough to be adopted as basic 
assumptions in planning: 

(a) A dominant part of future manufacturing 
employment will continue to be concentrated in 
two areas. These are the great manufacturing 
belts of the already industrialized Northeast and 
Midwest, and central and southern California. 
The borders of the northeastern-midwestern area 
are likely to be moved in directions expanding the 
area, particularly in a southerly direction. How- 
ever, the opening of the Great Lakes to deeper 
draught ocean traffic may also cause some west- 
ward expansion of this same belt. 

(6) A much wider dispersal of manufacturing 
industries throughout the United States may be 
expected at the same time. This dispersal will 
take place both within the two densely settled 
great urban areas and extend to most of the less 
densely settled States. This is assured by the 
almost revolutionary transportational changes 
which will be caused by construction of the 
41,000-mile National System of Interstate and 
Defense Highways (fig. 3), by the certain and 
substantial additions to labor force in almost 
every State which will not be absorbed by agri- 
cultural or extractive occupations, by the active 
and increasingly sophisticated efforts of non- 





‘Per capita gross national product (approximate): 1959-—$2,777; 1980— 
$4,320; and 2000—$6,650. See “Resources for the Future,” annual report, 1959. 


industrialized areas to establish manufacturing 
plants, by the development of hydroelectric power 
in the Pacific Northwest, and by the increasing 
dependence of this country upon foreign sources 
of minerals and other raw materials. Some 
secondary concentrations of industrial activity are 
likely to be intensified, as in the Oklahoma- 
eastern Texas-Louisiana area. While technical 
trends make it certain that the service occupations 
will increase relatively more rapidly as sources 
of employment than manufacturing, it is also 
certain that many more communities in nearly 
every State will be intimately concerned with the 
existence of and the problems attending manu- 
factural output. 


The nature and location of agricultural produetion * 


The United States is now and increasingly in the 
future will be an urban entity; that is where the 
heart of its economic life will be. Furthermore, 
the mechanized, chemical-fed, research-based agri- 
culture of today and the future is inseparably 
bound to the city. And farming will be a direct 
source of livelihood for only a minor proportion of 
the Nation’s people. In spite of these facts agri- 
culture is likely to continue as a front-rank con- 
sumer of water. Some separate evaluation of its 
future, therefore, is needed. Three aspects of the 
Nation’s future agricultural industry would seem 
to bear upon future water development planning: 
(a) The volume of future agricultural production, 
(6) the management of cbjectives of the Nation’s 
farms; and (c) the regional location of future 
additions to producing capacity. 

The population projections alone lead to the 
conclusion that a very large increase in agri- 
cultural output during the next decades is likely, 
if not essential. An output more than double that 
of the present day must be entertained as a possible 
requirement sometime during this century. 


No reversal of the increasing trend toward 
specialization in agriculture is foreseen. Family 
farms are likely to contribute a minor part of total 
farm production, and realistic planning probably 
will look at agriculture as part of a complex 
interdependent industrial system centered on 
urban areas. ™* 


Location of additions to the future agricultural 
plant is likely to be affected by the lecation of 


* See app. 2 for additional comment. 
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population. It is reasonable to expect two-thirds 
of the great population growth anticipated, what- 
ever its exact size, to take place east of the Mis- 
sissippi River. The great markets for farm 
products will continue to be in the 31 Eastern 
States. This cannot fail to influence the future 
location of increased agricultural production. The 
attraction of these great future markets is rein- 
forced by the physical location of the country’s 
resources—41 percent of the land area and 68 
percent of the stream runoff are located in the 
eastern 31 States. 


Other aspects of land use influencing water require- 
ments 


At least several other factors must be anticipated 
in any judgment on the need for efficiency in future 
water development. These will be illustrated 
briefly by reference to future residential land use, 
location of defense establishments, and need for 
resource bases for service occupations. 


The astonishing dispersal of residential land use 
over the countryside adjacent to almost all U.S. 
cities in the last 15 years has brought many local 
water problems. When the interstate expressway 
system is completed, further dispersal may be 
expected. In addition, space must be found for 
the tens of millions of added population who will 
be engaged in nonagricultural occupations. Fur- 
ther spread of urban and suburban land use is 
certain to be a compelling phenomenon of the 
remainder of the century. 


One additional feature of residential land use 
is the likely continued attraction of sections of 
the country possessing climatic amenities for per- 
manent residents, regardless of existing water 
resources or employment opportunities. The cor- 
relation of this attraction with an increased 
percentage of older people in the total population 
is of interest. The attraction of climatic ameni- 
ties is of particular importance in planning for 
the nine Southwestern States, and to a lesser 
degree in the Southeastern States. 

For a variety of environmental reasons including 
both space and climate, many defense establish- 
ments have been admirably located in the Western 
States. Again to a lesser extent some South- 
eastern States also have been favored in this 
respect. There is little reason to see a reversal of 





this attraction, which may even be enhanced by 
the transportation facilities afforded by the new 
expressway system. 

Technical trends reducing the amount of labor 
and employment needed for both manufactural 
and agricultural output press the Nation toward 
a problem of finding increasingly larger employ- 
ment outlets in service occupations. The planning 
of water resource development with needs for 
service industry employment in mind might be 
considered a foresighted and wise course. Proper 
attention to the recreational possibilities of all 
water development may be basic contributions to 
employment planning as well as contributions 
toward meeting the vastly increased needs of urban 
areas for recreational outlets. 


The general rate of technical progress in the Nation 


It is now a commonplace that technical innova- 
tion creates problems, sometimes grave problems, 
of social adjustment. Problems of resource use 
resulting from technical change have been of no 
small concern from “the plow that broke the 
plains” to the waste chemicals which find their 
way into modern stream courses and aquifers. 
Even more, technical innovation has been the 
source of improvements in resource use. Conse- 
quently, some indication of the rate of technical 
change is an important part of judging the effi- 
ciency of development, or the need for efficiency. 
The important question here is: Can the rapid 
rate of technical change of the recent past be 
projected for the remainder of the century? 

There are good indications that the rate of tech- 
nical innovation experienced in the past not only 
will continue but will be astonishingly accelerated. 
Dr. Caryl P. Haskins, president of the Carnegie 
Institution of Washington and former member of 
the President’s Science Advisory Committee, 
speaks of “the incomparable richness of innova- 
tional opportunity in our time.”’ He notes 
further that “‘the cycle from discovery to oppor- 
tunity to new discovery is self-accelerating, in its 
later phases reaching explosive dimensions.” * 
He goes on to say that in England there has been 
a doubling of the volume of scientific effort about 
once every 10 to 15 years, or three times in a 

7 “Carnegie Institution of Washington Year Book, 1957,” Washington, 


D.C., 1958, p. 3. 
§ Ibid. 
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generation.’ That a similar process is going on in 
the United States is roughly indicated by the total 
expenditures formally cataloged for research and 
development in the Nation. For 1958 they were 
more than three times those similarly recorded for 
1950. Expenditures for research and develop- 
ment performed by private industrial firms in the 
United States more than doubled between 1953 
and 1957.%° In 1959-60 they will be 2% times 
what they were in 1953-54." It has been forecast 
that the decade of the 1960’s will show a threefold 
increase in research and development expenditures 
over that of the 1950’s.* As Dr. Haskins says, 
“these are massive and colorful factors shaping 
and scaling our future opportunities for innova- 
tion.”” Thus it seems more than likely that tech- 
nical innovation in the decades immediately ahead 
may be not only at an accelerated rate but at a 
greatly accelerated rate compared to that of the 
immediate past. Recognition of this general 
characteristic of the years ahead will be vital for 
successful planning. 
Land-use planning 

One further feature of the future ecoiiomic en- 
vironment likely to influence water development 
efficiency is the steady progress of land-use plan- 
ning in the United States. Even though the en- 
couragements toward land-use planning organized 
nationally under the National Resources Planning 
Board were abandoned in 1943, land-use planning 
has made steady progress since the end of World 
War II in both urban and rural areas. Such 
planning has become increasingly important at 
lower jurisdictional levels in the country. It may 
be illustrated by the growth in active soil conser- 
vation districts and by the growth in numbers of 
professional planners since 1945, and by the num- 
ber of communities having active planning agencies 
in 1959 (tables 1, 2, 3). Still further indication 
of an interest in planning may be seen in the 
existence of many local “area development” agen- 
cies. More than 12,000 were reported in 1959.1" 

*“Carnegie Institution of Washington Year Book, 1955,” Washington, 
D.C., 1956, p. 6; “Carnegie Institution of Washington Year Book, 1958,” 
Washington, D.C., 1959, p. 8. 

1 National Science Foundation, “‘Reviews of Data on Research and 
Development,” No, 14, NSF-59-46, August 1959, 6 pages. If the aircraft 


industry is excepted, about one-fourth of the expenditures was federally 
financed in 1957. 

1! National Science Foundation news release, Dec. 26, 1959. 

2 “Carnegie Institution of Washington Year Book, 1958,” Washington, 
D.C., 1959, p. 8. 
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Within the last few years almost every month 
has brought some significant expansion of land- 
use planning activities on the part of towns, 
suburban counties, cities, metropolitan areas, 
States, and rural counties. 


TABLE 1.—U.S. soil conservation districts, 1988-69 


Total area in districts 
(thousand acres) 


Districts organized 











Fiscal] year 
(July 1- New districts 
June 30) By individ- | Cumulative |and additions} Cumulative 
ual year total at end | to previously | total at end 
(net addition) of year organized of year 
districts 
A 69 36, 107 36, 107 
Tl inndindiiiidtine nae 153 314 101, 306 189, 762 
Sn cwbkacewecdel 1, 346 120, 368 740, 859 
rs 121 , 285 74, 721 1, 253, 484 
Weidbsbbcwctkank 2, 674 43, 478 1, 484, 974 
, RSIS 55 2, 861 28, 650 1, 661, 968 


Source: Soil Conservation Service, “Report of Administrator of Soil Con- 
servation Service,” for years listed. 


TaBLE 2.—Planning agencies in the United States, 1945-58 





1945 1950 1955 1958 
BRD 6... ciintieatines atitvecian 8 2) f 40 
Metropolitaa or regional ! @ 2) 2 78 
NT ii nino ninieb tain #100 3) () 34 500 
Muntepal (total) 5 538 668 716 973 
Over 1,000,000 population... 5 5 4 5 
1 to 1,000. 9 9 10 12 
22 23 21 22 
45 47 56 59 
74 84 95 112 
153 150 161 
230 350 540 





1 Source: American Institute of Planners. 

3 No data available, 

3 Estimated by National Association of County Officials for official 
plasaiug coeneias only. By 1959 most of the remaining 1,500 counties in the 
ary ad some type of unofficial planning agency. 


‘ ions “Municipal Year Book,” International City Managers’ Associa- 
tion, Chicago, 1959, 


TaBLE 3. American Institute of Planners Membership, 


1945-59 ' 
Gas tem os easel dsc edness in ni ere Shen hg wr enkty eine wi a 244 
Pe ebLasdul odbuewius PANE aS Seuss 1, 033 
sth ~~ an iiieniniiinamer Gerenteelermey eer is 1, 326 
Rs panes Reh ndannwe bag ecnesd 12, 300 


1 Estimated to be about % of practicing professional planners in the United 
States in this year. 


Source; American Institute of Planners, files. 


This trend illustrates the nearly invariable rule 
in the past of this country that as the demands and 
competition for a resource increase, planned use 
has arisen. Such competition has been much in 
evidence since the end of the war in agriculture 
because of mechanization and other factors which 
have greatly increased agricultural labor output; 
it also has been characteristic of urbanized areas 
with their swollen tides of new residents. 

There is no reason for believing that the trend 
toward more widespread land-use planning by local 
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governmental units will be reversed in the future. 
Indeed, it is likely to be intensified, under the 
impact of the vastly increased density in settle- 
ment and the resulting competition for land use. 
This means that large numbers of people, perhaps a 
majority of the residents of the United States, 
are likely to live in areas where land-use planning 
is an. accepted part of everyday living. From 
land-use planning on a community or county basis, 
it is but a short step to integrated development of 
small watersheds. Indeed, the two often are 
inseparable, as the growing interest in small 
watershed development illustrates. Once they 
have reached any degree of widespread coverage 
within a river basin, land-use planning and small 
watershed development are certain to raise ques- 
tions of water use and water control which only 
can be answered by planning water develop- 
ment on an integrated basis. 


Summation of reasons why efficiency will be sought 
in water development 

There is no doubt that potent pressures for 
efficiency will exist in future U.S. water develop- 
ment. The only real question asked is whether 
this pressure will be met by response to crises or 
whether it is met in advance by foresight and 
planning. Every indication points toward needs 
for the organization of water supply and the 
services which can be provided through water 
development on a scale and at a rate not thus far 
experienced in this country. The large total 
growth of population, the change to a heavily 
urban population concentrated in dense settle- 
ments of vast proportions, the dispersal of industry 


and residential settlement, changes in our occu- 
pational structure and habits of leisure will create 
requirements which can be met only through 


efficient development. These pressures may be 
supplemented by movements toward locally 
organized efficient use of land. In fact, the need 
for efficient development will be greater than ever 
before, spurred as it will be by unprecedented total 
annual increases in population, and by an accel- 
erated rate of technical change. Few parts of 
the country are likely to be immune from this 
pressure at some time during the remainder of 
this century. For the Southwestern States and 
for the northeastern-midwestern urban zone the 
pressures are obvious; the ratio of population to 
local resources in both areas will be high. How- 
ever, the need for well managed water supplies 
brought by dispersed industrial growth and by 
the need for continued expansion of agricultural 
production will bring the same pressures, if in a 
lesser degree, to the other regions. These pres- 
sures or needs may be interpreted as meaning: 
(a) Water of the quantity and quality essential 
to the establishment of manufacturing and service 
occupations required for full employment of each 
region’s labor force (6) Water, water facilities, 
and water-derived services required to provide 
the popularly expected amenities of normal living. 
Besides recreational facilities these may be con- 
sidered to include low-cost electricity. (c) Water 
in quantity and quality adequate to support the 
required production of food and other agricultural 
products. (d) Water facilities to the extent 
needed to provide transportation facilities at 
optimum costs for the Nation. 





III. THe GENERAL RELATION or TECHNOLOGIC CHANGE TO ErricIENcy IN WATER 
DEVELOPMENT AND WATER MANAGEMENT 


In the preceding section environmental reasons 
were given for the growth of pressures for effi- 
ciency in water development and management 
during the 40 years 1960-2000, and which must 
be considered between 1960 and 1980. The forms 
which those pressures may take have been de- 
scribed briefly. The first assumption stated at 
the end of section I therefore is accepted as valid: 


A basic public objective in water development will 
be improvement of the efficiency of water supply. 
It therefore becomes desirable to define efficiency. 

Very simply defined, efficiency is the relation 
between the amount of input and the amount of 
resulting useful output. The larger the useful 


output per unit of input, the more efficient the 
process. 








In water development and management illus- 
trative actions directed toward improvement of 
efficiency would be measures which reduce waste 
of water, design of dams which reduces storage 
costs per acre-foot, and measures of management 
which increase complementarity among competing 
uses. It must be noted that considerations of 
efficiency are always related to some predeter- 
mined objective or objectives. In water develop- 
ment and management this might be an increase 
in gross national product, an increase in regional 
income, an increase in income for a particular pro- 
ducing group, additions to outdoor amenities, or 
still other changes, Definition of these objectives 
is beyond the province of this report. Instead, it 
is the purpose of the report to examine the means 
which may be made available by technologic ad- 
vance for increasing efficiency of water supply 
whatever specific objectives are chosen by the Con- 
gress. However, these objectives must ultimately 
be defined and understood if improvements in 
efficiency are to be meaningful. 

It is essential to understand that regional and 
local water shortages of varying degrees of serious- 
ness can appear and may be forecast for the future 
of the United States. However, the multiplicity 
and versatility of modern techniques of planning, 
development and operation are so great that if 
they are properly applied in time, crises may be 
avoided and all requirements may be at least 
adequately and probably well served. 


TECHNIQUES WITH POTENTIALS FOR EFFECTING 
INTEGRATED MULTIPLE-PURPOSE DEVELOPMENT 


As new demands arise in the future, they may 
for a time and everywhere be met by extensions of 
existing practice, particularly as existing practice 
of integrated multiple-purpose development is 
applied. It is even likely to serve indefinitely for 
some few areas without modification. In addi- 
tion, there are certain windfall events which may 
be depended upon to improve the efficiency of 
future development which remain unseen and un- 
susceptible to evaluation until they appear. A 
notable example of this in the recent past was the 
perfection of high-capacity earthmoving equip- 
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ment. On the other hand, these windfalls cannot 
be depended upon to solve the huge problems of 
matching supply and demand which can be fore- 
seen in the years ahead. A methodical evaluation 
of technical possibilities therefore may assist in 
meeting public responsibilities. These possibilities 
may be sought in: (a) improved planning, design, 
construction and operation of systems of integrated 
multiple-purpose works; (6) exploration for, dis- 
covery, and exploitation of new supplies; (c) con- 
servational and other measures for reducing 
requirements; (d) treatment of waters having 
substandard quality. Thus conscious steps to- 
ward efficiency are to be sought both in an 
improvement of the techniques of integrated 
multiple-purpose development themselves and in 
supplementing them with other measures. 

A summary is presented in table 4 of certain 
aspects of new technology related to future 
efficient water resource development thought to 
be of interest to the select committee in its policy 
study. Brief notation is made in the table of 
the estimated earliest state of first practical appli- 
cation of a technique, the water development 
purposes most affected by the technique, the 
geographic regions most affected, the added water 
supply, water savings, or other economies, the 
present status of research or use of the technique, 
and suggested strategic immediate action concern- 
ing it. Although the minimal essential information 
for policy consideration in this field is contained 
in table 4, some further elaboration and emphasis 
are appropriate. The succeeding discussion will 
follow the headings given in the table in order. 
Planning design, construction, and operation of 

systems of multiple-purpose works 

Among the many spectacular technical develop- 
ments of the last 20 years there has been a quiet 
one with relatively little news appeal. Nonethe- 
less it has been revolutionary, and yearly it is 
becoming more pervasive. This is the application 
of methods of rigorous formal analysis based upon 
mathematical thought to planning, design, and 
operational problems which have interdependent 
variables, 
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t TaBieE 4.—Some techniques related to future efficiency of U.S. water resource development 
Estimated 
- earliest date | Water develop- | Geographic regions | Added water’supply, Strategic immediate 
f of ist prac- ment purposes most affected savings, or other Present status action 
a ; tical applica- affected economies 
tion - 
n 
Ss (a) Pl , design, construc- 
: tion, and operation of sys- 
ly re multiple-purpose 
; works: 
d ‘ 1, Systems analysis, linear | 1961-64...... BED. .nnttitbcditiinadis Any watershed Substantial invest- | Simple systems Ap’ 
: Prceremning, _ -» ap- or river basin. ment savings and have been ex- —— on aT and 
= ' Dlied to contributions to plored experi- neiecaes water- 
operating effi- mentally. 
i= ciency possible. 
2. Consumption models, ap- | 1962-64_..... Beveiacienismmaguuian Pbescitotodeacnd Timely prepara- 1 water analysis Employment and in- 
£ plied geography. tion for meeting made, techniques come maximizing 
; requirements. most applied to studies by State or 
g i transportation. a Study of navi- 
j m. 
)- 3. Prognostic hydrology..... Some in ee Se Di i tecaacnaiail Reduce risk of over- | Some research and Ocnsidacably expanded 
1960. building, sub- experiment. fundamental research. 
n stantial savings 
in planning pro- 
d duction if cyclic 
' moisture fluctua- 
n tion understood. 
4. Materials economizing| Previous to | Some__............ Di ecicn sinned Not presently European and Consulting technical re- 
design of hydraulic and 1960. evaluable. American proto- view of designing prac- 
} accessory structures. types of materials tices. 
n economy are in 
existence. 
"a 5. Use of nuclear explosives | Not pres- Irrigation, indus- | Western States_...| Not presently Atomic Energy (a) Further nuclear ex- 
and other unorthodox ently trial, domestic evaluable. Commission has periment under AEC 
0 engineering approaches evaluable. water supply, experimented direction 
tounderground storage, pollution con- with under- (6) Further study 
y and other earth and trol, navigation. ground explosion, — shenteniotall 
rock movement. other experi- 
of ments in plan- 
Ses } 6. Woter pipeline and other | Previous to | Allconsumptive | West.............. Facilitates inter- Avelsbie” cisions 
ement techniques. 1960. uses, basin movement. 
it (0) Exploration for, discovery 
z Sea of, new 
1e 
1, “Weather modification. ...| Some previ- | All................ Western States....| Annual addition of | Much empirical ex- | (4) Added fundamental 
er - to ae gp — patna. a or tine + & 
. leet to supply. expansion of re- ot experimen: 
1e s search. entire river basin. 
¢) Economic study. 
e, ; 2. Geophysical and other | Previous to | Irrigation, indus- | Western States....| Billions of acre-feet | Methods available... id study. 
exploration of unknown 1960. trial, and do- of ground water 
n- aquifers. mestic water available on 
; supply. “mined”’ basis. 
yn 3. Appraisal of ground water Peevions to | Irrigation,indus- | All_............... Not evaluable...... Method needs fur- | Further laboratory, ex- 
movement. trial, domestic ther development. periment, and field 
d water supply, study. 
° and Ny ran 
1S control. 
‘ 4. Lifting ground water to | Not evalu- | Withdrawal uses | Western States; Goal: lifting water Private companies | (a) Public sup of 
ill surface. able. in localities de- Atlantic and economically be- have development promising eee 
pendent on Gulf Coastal yond 1,000-foot programs. ent. 
ground water. Plain. depths. (b) Study of local energy 
(c) Measures for conservation 
of and reduction of demand: 
1, Recycling................ Previous to | Industrial water | All................ Probably 200,000,000 | A variety of tech- Study of comparative 
1960. supply. acre-feet of with- niques are known, econ of storage 
drawal annually, and recycling needed. 
p- thus saving in- 
: vestment costs on 
et against 
whi respent 
1e- pad to be 
i 2. Water-conserving agron- | Previous to | Irrigation.........| Western States Not prese ntly eval- | A way of tech- @ — evaluation 
18 omy. 1960. 1960-80; 1980- able because of ues are avail- ter-conserving as- 
on 2000, also South- large variation of able, but few me of agronomy to 
eastern States. local agronomic ethodically re- further research. 
n environments. lated to water (b) Experiment with 
O supply problems. techniques as a 
Es waterened and 
nd 5 management 
3. Forest and range manage- | 1965?........ Irrigation, indus- | Western States....| Not poenqany eval- | Experiment under- | Continued experiment 
nt ment for water yield. trial, and do- uable. way. and economic evalua- 
ae water tion. 
supply. 
4, Evaporation suppression.| 19637........ Dibasderenabmeseors Western States....| Goal: water saving | Experiment under- | Continued experiment 
Spec acre- way. 
5 Planned location of de- | 1960......... Mh roncarspncte DER cuanewecccecsss Substantial reduc- ——_ known, | Study of the economics 
mand by publicly con- tion in public in- local acceptance of planned land use re- 
trolled land use. vestment costs growing. lated to water devel- 


opment. 
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TABLE 4,—Some techniques related to future efficiency of U.S. water resource development—Continued 


Estimated 
earliest date | Water develop- | Geographic regions | Added water supply, Strategic immediate 
of ist prac- cand purpaee most affected savings, or oth Present status action 
tical applica- ected aa 
tion 
(d) Treatment and use of 
waters having substand- 
ard quality: 

1. Treatment of organic | Previous to | Domesticandin- | All.........-....-.. Can avoid very Tete! known, | (a) Further ent 
wastes producing a bio- 1960. dustrial water large, and eco- but local hesi- with redu of treat- 
logical oxygen demand. supply; recrea- nomically inesti- tance about capi- ment costs and use of 

tion; and mable losses from tal expenditure water, 
wildlife. ution can create many a8 gat of means of ac- 
future problems. ——s I provision for 

2. Greatment of chemical | Previous to | All withdrawal Manufactural lo- | Same as D-1 above..| Some unsolved (a) Further research and 
wastes. 1960. ; recreation; calities; some in technical prob- development of prac- 

fish and wild- suburban resi- lems, as in de- treatment proc- 
le. dential locali- tergent use. 
ties. @) Bs Establish minimum 
of effluent 
(c) aul of means for 
monitoring water 
quality. 

3. Decontamination and | 1960......... All except navi- i iaieyansnimienion Not evaluable... .... 1960 risk of con- Continued study of con- 
disposal of radioactive gation. tamination small. trol and preparation for 
wastes an economy with wider 

pe of nuclear mate- 
rials. 

4. Desalting sea and brack- | Some in Domestic and in- | Great Plains, Depends on success | All present operat- (@) Expansion of funda- 
ish waters. 1960. dustrial supply; Great Basin, with cost reduc- ing processes high ental rese: ; con- 

pum irriga- Tex., Calif. tion; potentially cost; varied ex- tinuation of of pilot plant 
jon at an un- large added periment under- pea 

determined supply. way. (6 Study of needs for 
future date. desalted water. 

5. Sediment control......... Some pre- Same as d-1 All; of most im- Large economic Widely used proc- (a) Continued erosion 

vious to above. mediate interest savings; esthetic esses in municipal control. 
1960. in West and values. water supplies. ) Research and experi- 
Southeast. ment toward 
large-scale low-cost 
elimination in water. 

6. Use priorities co: nd- | Some pre- All withdrawal Northeaster-mid- | Substantial in Salt waters and (a) Methodical study of 

ing to water qu vious to uses. western urban water-scarce dis- sewage effluent 5 ne tolerance of 
1960. area; Western tricts, but at some already used in 
States. economic cost. some localities for Ok ay e ment 
manuf: with means for using 
electricity gen- mineralized water. 
eration an i- 
tural use. 





Integrated multiple-purpose development is 
basically a problem in the efficient organization 
of interdependent units within a system. Hence 
those tools which have been proven as applicable to 
organizational efficiency are certain to be applied 
to this field in the future. They may generally 
be grouped as the techniques of “operations analy- 
sis” or “systems analysis.” 

The application of these techniques will be 
particularly important as the need for interbasin 
systems arises more frequently in the future. 

Operations analysis has been greatly aided by 
the development of mechanical systems of com- 
putation represented in the large analog and 
digital computers. Linear programing is perhaps 
the most familiar among these methods, having 
been widely applied to problems of defense organ- 
ization during the last war and now to a great 





18 See app. 3 for a brief description, 





variety of industrial planning and operational 
activities. Others are probability analysis, and 
more recently game theory. It is virtually certain 
that some of them can be applied with resulting 
gains in efficiency to integrated multiple-purpose 
development in the future, from the small water- 
shed to the large river basin. These methods 
promise to be of great assistance in achieving 
future design of systems of water control facilities, 
or, for that matter, a lone multiple-purpose work. 
They also may be applied to the evaluation of 
other techniques in combination with integrated 
multiple-purpose development. 


It must be stressed that operations research 
methods can aid in setting objectives, but they 
in no way eliminate the need for public policy 
decisions on objectives. There is no need for the 
Congress or other public bodies to fear any arro- 
gation of policymaking function by technical 





2S a SURE 


A TINS ER RIT: EN LORE TEES PTET 








al 





RT T 


A A Ra Ra he NP PRR CC 


planners through the future application of these 
methods. Indeed they are best applied to prob- 
lems in which an objective has been clearly set 
prior to the analysis. : 

The field for their application may come at 
any level, depending upon the objective chosen. 
The following may illustrate the possible appli- 
cation of these methods to system design. 

Suppose that the Congress decides that in the 
future development of a given U.S. river basin a 
principal objective is to be the provision of full 
employment for the labor force of the State or 
States within the given river basin by the year 
1980 (or any other chosen year). One qualifying 
restraint is that employment should be so pro- 
vided that existing income levels will be equaled 
or exceeded at the future date. Appreciation of 
the value of such an objective is entirely possible 
at some time in the not-distant future. As popu- 
lation grows, the connection between resource use 
and employment in most regions is certain to de- 
mand attention. For water the question might 
typically be: what is the “mix” of irrigation, 
industrial use, water recreational facilities, and 
other use which will allow the attainment of the 
objective posed? One answer could be provided 
through an arbitrary decision made from existing 
knowledge about man-days of employment pro- 
vided by an acre-foot of water used in agriculture, 
differing types of manufacturing, and other use. 
Such an answer is in the nature of an intelligent 
guess. 

Although they have been little tried thus far, 
formal analytical methods can give a more precise 
and dependable answer than the arbitrary deci- 
sion. Assuming the social objective of full em- 
ployment stated above, operations analysis tech- 
niques can assist by increasing the precision of 
planning and design, and by guiding system 
operations toward high output after facilities have 
been built. Planning might begin with consump- 
tion model study, in which the employment effects 
of several different “mixes” of water use would be 
tested. One of the “mixes’’ presumably would 
show a combination of employment effects ap- 
proaching those which had been set in the con- 
gressional objective. This model, with its esti- 
mate of quantities of water needed for the several 
purposes to attain the objectives, would be the 





basis for the physical planning of required future 
water development. Similar methods can be 
applied in the determination of land-use effects of 
water development through the methods of 
applied geography. No study of water projects 
along this latter line has yet been undertaken, 
although the methods have been applied to similar 
cases of highway development. 

At this point, the traditional method of the past 
would be one of applying engineering experience 
and hydrologic data in a set of cut-and-try de- 
signs, arrived at by hand calculation. Engineering 
experience will guarantee the design of a good 
system of facilities, but the laboriousness of hand 
calculations places a definite limitation on the 
number of alternatives which can be examined in 
the design. The probability that the best system 
will have been arrived at is low. 

One operations analysis approach to the same 
problem of physical design would simulate stream- 
flow or other hydrologic characteristics on a high 
speed digital computer. A great many alternatives 
then can be examined among the possible variants 
of physical design. Such a method much increases 
the likelihood that a “best’”’ system will be arrived 
at. In this case it would be a system which would 
provide the proper balance of regulation and other 
facilities to supply water in the amounts indicated 
at least cost. Another operations analysis tech- 
nique which may be used toward the same end is 
that of the mathematical model, as in quasi-linear 
programing. (See app. 4.) 

The use of consumption models already has been 
experimented with in the State of New Mexico, 
with some interesting results."* Experiment with 
simulation techniques has been undertaken by the 
Corps of Engineers in their recent 308 study of 
the Columbia, by the International Boundary and 
Water Commission on the Rio Grande, and by the 
Harvard Program of Research in Water Resources 
Development. The use of mathematical models 
is now under study by the Harvard program. 

Operations analysis techniques also should be 
able to increase the precision of system operations. 
Here again, the simulation technique and the 
“iReport of the New Mexico Project Committee on the Income and 
Product Results of Alternative Water Uses.” The committee was com- 
posed of representatives of the University of New Mexico and various State 


of New Mexico agencies, The report has been completed and will be pub- 
lished during 1960. 








mathematical model can be used. The first has 
been applied in electric power system analyses by 
the Tennessee Valley Authority, the Bonneville 
Power Administration, and by private electric 
utilities. The Corps of Engineers has experi- 
mented with the use of a linear programing model 
for operating the reservoirs of its Missouri River 
Basin system. 

The attractiveness of operations analysis tech- 
niques for future system design and operation in 
water development can best be understood through 
the key role of the high-speed computer. Both 
the civil engineer and the economist are freed from 
the restraints of routine computations. The num- 
ber of alternatives which they can examine is 
multiplied many times, each of the alternatives 
may be examined more precisely, and the engineers 
especially can devote more time to imaginative 
planning. 

Some of the possibilities of operations analysis 
have been described in a Rand Corp. study.” 
Probably the most intensive experiment with the 
application of these methods has been in the 
Harvard University Program of Research in Water 
Resources Development, where they have been 
applied to a hypothetical river system (app. 4). 
The simulation method also has been used as part 
of an interesting analysis by Resources for the 
Future, Inc. of sequence and timing in project 
planning on the Columbia River.* When per- 
fected, the application of these more precise tools 
of analysis can do much to avoid the confusion 
and costs which may have attended the simple 
addition of fragmentary economics and good 
engineering in the past. 


Prognostic hydrology 


The design of every water resource facility to a 
certain extent is dependent upon hydrologic pro- 
jections or forecasts. It is also apparent that 
many water management operations may be in- 
fluenced, some vitally, by the accuracy of projec- 
tions of water receipts and runoff within a basin. 
Projections are particularly important for the 
design and operation of systems of water regulation 
and flood control facilities. For all but a few 

1% Roland N, McKean, “Efficiency in Government Through Systems 
Analysis—With Emphasis on Water Resources Development,” a Rand 
Corp. research study, John Wiley & Sons, New York, 1958. 

1% John B, Krutilla, “Sequence and Timing in River Basin Development 
With @ Special Application to Canadian-United States Columbia River 


Basin Planning,” Resources for the Future, Inc., Washington, 1960. Pp. 
21-26, 32-35. 


planning purposes, hydrologic projections for de- 
sign and operation now are made largely on the 
historical records of streamflow. These projec- 
tions are not adequate and experiment toward 
their improvement is very much in order. 


Like overall weather forecasting, hydrologic 
forecasting may be divided into the short-range 
and the long-range aspects, although the parallel 
to weather forecasting is not exact. Short-range 
forecasts ’ have been given considerable atten- 
tion, and to some extent are a part of management 
in most systems of water storage and release. 
However, long-range projections or forecasting 
has been less fully studied, and potentially can be 
of great value in both design and operation. The 
problem is illustrated in figure 5 (“Drought 
Periods’’). 


It is here suggested that an important new set 
of techniques may be described under what we 
shall term prognostic hydrology. These include: 
(1) the application of heretofore unused statistical 
techniques to the actual hydrologic record, so as 
to improve interpretations of that record, or pro- 
jections; and (2) the development of new bases 
for prediction. Among the applications of sta- 
tistical techniques, experiment with synthetic 
hydrology,” probability analysis,”® and other ana- 
lytical tools already have produced promising 
results. However, it must be stressed that some 
of the most important advances in this area will 
depend upon fundamental research in dynamic 
meteorology and in knowledge of the fluctuations 
of radiation receipts and their physics on the 
earth’s surface. Hence, it is from new bases of 
prediction that the most influential long-range 
results are to be expected. 


17 Short-range forecasts here are interpreted to mean anything from diurnal 
to seasonal range; long range, on the other hand, is concerned with the fluc- 
tuations in maximums-minimums and means of annual water receipts and 
runoff. 

18 See app. 5. Snythetic hydrology generates streamflow data by applica- 
tion of statistical techniques. For example, mean monthly flows of record 
may be serially correlated so as to derive a systematic base. Appropriate 
random components may be applied to the base to generate synthetic monthly 
flows, which may provide the construction planner with a more useful pro- 
jection of hydrology than an actual historical series. 

19 See Luna B,. Leopold, “Probability Analysis Applied to a Water-Supply 
Problem,” U.S. Geological Survey Circular 410, Washington, D.C., and 
Walter D. Langbein, “Water Yield and Reservoir Storage in the United 
States,” U.S. Geological Survey Circular 409, Washington, D.C., 1959. 
Leopold notes that there is a difference between a forecast and probability 
analysis. The latter uses an actual record as an indication only of the prob- 
ability of events occurring in the future, not as exact forecast, In the absence 
of a basis for a true forecast, like syathetic hydrology, it can facilitate the 
construction of a much better prognosis of hydrologic events than a simple 
projection of past records. 
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One well-known student of the sun has testified 
that the study of solar changes and their correla- 
tion with the general circulation of the earth’s 
atmosphere show promising clues toward explain- 
ing rainfall fluctuation in Western United States.” 
Other scientists are more hesitant about predicting 
results, but all agree that study of the earth’s 
incoming and outgoing energy is vital to attack 
upon the most basic questions of hydrometeor- 
ology. It is important, therefore, that the unity 
of widely varying research activities must be kept 
in mind as part of a subject having a single and 
potentially most influential objective. These may 
extend from observation of solar magnetic fields 
to the electrical attributes of a raindrop, and 
mathematical models of the general atmospheric 
circulation. 


New techniques of physical design and construction 

There is no doubt that developments favoring 
still further economies in the costs of storage and 
other water system facilities will be achieved in 
the future. These may come either through (a) 
new concepts of structural design; or (6) new and 
more efficient applications of energy, labor and 
materials to engineering problems. ‘The first is 
illustrated by recent innovations in European 
hydraulic structures where competitive designing 
has resulted in some daring concepts which 
achieved substantial economies of materials over 
traditional designs." The particular subject of 
materials economy, as well as the economies to 
be achieved from standardization of components 
has not yet received the attention in American 
hydraulic designing practice that they might. 
Some opportunity in this direction thus lies open 
for the future. 

New applications of energy and materials 
already have had a profound influence on the 
construction of water control systems, particularly 
in the introduction and perfection of heavy earth- 
moving equipment, improved concrete mixing 
equipment, and long-distance conveyor belt haul- 
age of construction materials. 

The next potential or revolutionary techniques 
of this class would appear to be related to the use 

® Walter O. Roberts, “Recurring Droughts—A National Problem,” 
testimony before U.S, Senate Select Committee on National Water Re- 
sources, Denver, Colo., Nov. 20, 1959 (release, dittoed, 14 pp.). 

%1 The 1959 failure of the Malpasset Dam in southern France, however, 
has reinforced a conservative hesitation to adopt such design techniques, 


even though the cause of the failure was officially ascribed to unusual 
weathering of anchoring rock formations. 


of nuclear explosives. Knowledge of radiation 
effects and their control at present are incomplete 
so that no firm forecast of the future use of 
nuclear explosives can be made. However, their 
theoretical potentialities for large-scale earth and 
rock movements at very low cost are so great that 
long-range planning for water policy must con- 
template them. The possibility of considerably 
altered engineering approaches to problems of 
storage, particularly underground storage, should 
certainly be entertained in policy planning. (See 
appendix 10.) 


EXPLORATION FOR, DISCOVERY, AND EXPLOITATION 
OF NEW SUPPLIES 


It is obvious that a first line of approach to the 
problem of meeting water requirements will always 
be the exploitation of a new supply, where it is 
obtainable, rather than the application of restric- 
tions in use or compromises on water quality. 
Where possible in the future these new sources 
will be sought in the traditional surface supplies. 
However, it is already apparent that new types of 
source would be welcome even now in large 
sections of the country and they may be essential 
in still larger areas during future years. Such 
sources may be sought either in the atmosphere 
or underground. The sea also may reasonably be 
considered a new source, but it is considered here 
in the later paragraphs on the waters of substand- 
ard quality. 

The art of weather modification is still so near 
its beginning that the full extent of its future 
impact upon water supply techniques is not 
presently evaluable. Enough is known, however, 
to enter weather modification as a source of water 
in the Western States of at least modest potential. 
On the basis of the conclusions of the Advisory 
Committee on Weather Control it would seem 
reasonable to plan on the eventual addition of 
approximately 15 million acre-feet annually to 
western water supplies from this source (table 5). 
This would not be a major factor in the design or 
operation of systems of multiple-purpose works 
in the region.” The final answers on weather 
modification, however, are in the future—perhaps 
many years in the future—after the completion 
of a great deal of painstaking fundamental 
research. The more revolutionary impacts of 


23 See Ackerman and L#f, op. cit., pp. 377-378. 
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weather modification on water supply still retain 
enough probability to warrant not only careful 
attention in research but also continuous monitor- 
ing in water development planning. Runoff from 
weather modification promises the cheapest addi- 
tional water to be obtained in the future. 

An early need in determining final policy is an 
exploratory study of the economics of weather 
modification to assist decisions on the amount 
and kind of effort which publicly should be placed 
in this field (appendix 6). 

The other major source of new supply will be 
the aquifers which lie beneath the surface. In the 


past we have been handicapped by the limited 
means which we have had for discovering aquifers 
and appraising their productiveness. Some change 
in the situation has come from the development 
of sensitive geophysical instruments and means of 
interpreting the water content of underground 
structures.“ The perfection of these means and 
their application in a large-scale program of 
exploration in the Western States (see fig. 4) must 
be counted upon as one of the technical events of 
the future. 


%3 See Ackerman and L&f, op. cit., pp. 384-406. 


TaBLeE 5.—Estimate of potential precipitation increases by artificial cloud seeding in Western States 
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1 Computed by use of natural ratio of runoff to pitation. 
3 Washington, Oregon, California, Idaho, and Colorado. 


Source: Ackerman and Léf, op. cit., table 30, p. 375. 


The extent to which these supplies are exploited, 
particularly below the present critical level for 
water lifting of about 1,000 feet, will depend upon 
three things: (a) the public attitude of the affected 
States or regions toward ground water withdrawal 
which exceeds aquifer recharge, (b) the mechanical 
efficiency of lifting devices and the costs of energy 
which these devices must depend upon, and (c) the 
costs of locating and appraising aquifers, and drill- 
ing wells to them. All three aspects—appraisal, 
improvement of lifting devices, and energy costs 
for ground water exploitation—appropriately 
should enter public policy consideration insofar as 
it is mindful of the future of the West. Important 
eastern aquifers, like those of the Atlantic and 
Gulf coastal plains, should not be forgotten in the 
appraisal. 





The possibility that full knowledge of the extent 
and the movement of underground waters may 
weaken our attachments to watersheds and river 
basins as units for development must be enter- 
tained. The water development of the future will 
be able to consider the integration of surface and 
ground waters in management plans as well as 
the integration of related watersheds. As tech- 
niques of underground storage are improved, such 
integration increasingly will become important. 
Thus in the West particularly we may look for- 
ward to the day when water management may be 
integrated in varying degrees on a “‘three-dimen- 
sional” basis, including atmospheric and under- 
ground sources as well as the surface waters under 
one plan of supply.* It has been noted that the 


% Integrated management of ground and surface waters already is prac- 
ticed in parts of the West, as in the Roswell basins of New Mexico. 
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present ratio between surface and underground 
sources of water withdrawn in the United States 
is about 4 to 1. The forecast has been made that 
this ratio will change to something between 2 to 1 
and 1 to 1 for a country like the United States 
sometime during the next 20 to 50 years.* Al- 
though ground water supplies as compared to sur- 
face supplies have the disadvantages of higher 
costs, service to a limited number of purposes, 
and frequently higher dissolved solids content, 
they also have some outstanding advantages. 
These include their wide dispersal within a region, 
lack of evaporation loss, lower temperatures, lesser 
fluctuation, and natural protection against radio- 
active contamination or other military action.” 
Recognition of these characteristics along with 
more methodical application of the techniques of 
discovery and appraisal in the future is likely to 
become a familiar part of water management 
which goes beyond integrated multiple-purpose 
river basin management.” 


MEASURES FOR CONSERVATION AND REDUCTION OF 
DEMAND 


In situations where new supplies fail to meet 
requirements or where additions of physically 
available supply are impractically expensive, water 
management can turn from the engineering of 
supply to the engineering of demand. The old 
British maxim “a penny saved is a penny got” 
has a parallel in water development, for the drops 
of water saved certainly are drops available. 

A variety of measures are available and are 
likely to be considered a part of future water 
management which might be classified as means 
of engineering water demand. One simple and 
effective means of conservation which awaits 
adoption in many localities is metering. Other 
pertinent techniques are recycling, water-conserv- 
ing agronomy, forest and range management for 
water yield, evaporation suppression, and planned 
location of demand through controlled land use. 

There are three aspects to the possible reduction 
of demand for water or water services: the reduc- 
tion of requirements for withdrawal of water; the 
reduction of consumptive depletion or disappear- 
“38 Alfred Lohnberg, “Water and Economic Development,” Impact of 
Science on Society, vol. LX, 1958, pp. 23-44. 


% Loehnberg, op. cit., p. 383 
® See also app. 7. 


ance; and the reduction of demand for noncom- 
sumptive water development purposes, like flood 
control. For the first, by far the most important 
technique of the future is likely to be recycling, 
or the intraplant reuse of water for manufacturing 
purposes. 


Recycling 


Every indication of trend suggests that manu- 
facturing use will be the most rapidly growing of 
the requirements for water withdrawal in the 
future, and recycling already has been proven a 
potent means of reducing requirements in the face 
of local or regional water scarcities. In the future 
it can be a most influential means of regulating 
withdrawal requirements where there are scarcities 
of supply, or where thermal pollution is considered 
a harmful condition. Recycling can reduce fresh- 
water requirements to a small fraction of normal 
once-through use. It has been estimated that a 
severalfold increase in the Nation’s industrial 
output is possible at little or no increase in its 
total fresh-water demand, mainly because of re- 
cycling.* It should be noted, however, that the 
techniques of recycling are not likely to effect 
much reduction in consumptive depletion or water 
disappearance; their effects are limited principally 
to the withdrawal requirements. The principal 
cause of water disappearance during industrial use 
is evaporation to transfer to the atmosphere heat 
absorbed by cooling water in steam-electric plant 
condensers, and manufactural processes. The 
amount of water evaporating may be expected to 
be approximately the same whether recycling is 
used or “once-through”’ water is released to 
streams or other natural water bodies. 


Vegetational management for water yield 


The techniques most likely to alter favorably 
water disappearance or consumptive depletion are 
those concerned with vegetation. The reduction 
of water requirements through forest and range 
management practices and through water conserv- 
ing agronomy does not have the same potentiality 
for reducing withdrawal requirement as recycling, 
but it appears to be the direction in which to look 
for any major change in water disappearance. 
Already the reduction of water wastage through 
phreatophyte control has illustrated some of the 


% Ackerman and Lif, op. cit., p. 441. 
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possibilities. Experiments which are being con- 
ducted now in Arizona may give some more con- 
clusive answers as to the water releasing capacities 
of forest and range management directed toward 
water yield. Some of the most difficult questions 
surrounding these techniques are those of economic 
evaluation of comparative benefits from different 
types of management (i.e., forest- or range-inten- 
sive Management or water-intensive management). 
Water conserving agronomy also would seem to 
have possibilities. Much already is known about 
the adaptation of crops to restraints on water 
consumption. However, the theoretical poten- 
tialities that accompany plant physiology and 
plant genetics research alone make water conserv- 
ing agronomy worthy of inclusion in water man- 
agement now.” In addition, there are already 
proven techniques of water budgeting in irrigation 
practice which deserve wider consideration than 
they have had (app. 8). Finally, the further 
study of soil moisture, vegetation relations, and 
the connection of ground water manipulation with 
them holds promise of increasing water yield 
through vegetative management. 


Evaporation suppression 

Because of the amount of water which can be 
evaporated from any open surface during the 
summer season in Western United States, evapora- 
tion suppression recently has become an enticing 
subject for investigation. The immediate goal is 
the development of economical methods capable 
of saving the 10 million-plus acre-feet of water 
estimated to be evaporated annually from reservoir 





% Phreatophytes are water-loving plants like the salt cedar which grow 
on the edge of water courses or on reservoir borders. See Department of the 
Interior, ‘‘Report on Phreatophytes’’ prepared for the Senate Select Com- 
mittee on Nationa] Water Resources, Washington, D.C., December 1959, 
31 pp. 

% See the following references for treatment of vegetation-water yield rela- 
tions: Edward A. Colman, “Vegetation and Watershed Management; An 
appraisal of vegetation management in relation to water supply, flood con- 
trol, and soil erosion.”” The Ronald Press, New York (1953), especially 
pp. 129-142. 

Leon Lassen, Howard W. Lull, and Bernard Frank, “Some Fundamental 
Plant-Soil-Water Relations in Watershed Management,”’ U.S. Department 
of Agriculture Circular No. 910, Washington, D.C. (1952). 

Paul R. Nixon, ‘“‘Water Yield Predictions Based on Watershed Charac- 
teristics,’ lowa Agricultural Experimenta] Station Journal Paper No. J-2969, 
Ames, Iowa (1956). 

For an interim report on the Arizona program see: Arizona Watershed Pro- 
gram, ‘“‘Recovering Rainfall,’’ Tucson, (1956). 
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surfaces in Western United States.** Under cer- 
tain conditions, as for treated water in municipal 
supply systems, physical coverage of storage facili- 
ties is economically justified to prevent evapora- 
tion. In other cases advantageous location of 
reservoirs so that there is a low ratio of exposed 
surface to volume may reduce evaporation loss 
considerably. The most favorable location, of 
course, is underground storage, and evaporation 
suppression certainly is one reason for attention 
to underground storage in the future. However, 
storage with extensive exposed surfaces almost in- 
evitably will continue to be a part of stream regu- 
lation. Because physical coverage of such sur- 
faces is prohibitively expensive, recent investiga- 
tion has concentrated on the monomolecular 
chemical films which have shown promising re- 
sults on small reservoirs. 


The importance of evaporation control studies 
extends much beyond the immediate goal, attempt- 
ing to save a substantial part of the conjectured 
10 million acre-feet now lost. In his study of 
water yield and reservoir storage, Langbein has 
suggested that there are definite practical limits 
to the use of storage for regulation of any given 
streamflow.” Evaporation loss from reservoir 
surfaces is one of the factors, particularly in West- 
ern United States, diminishing the effects of stor- 
age upon regulation for all surface storage incre- 
ments beyond a certain regulation-flow ratio.* 
Successful suppression of evaporation could alter 
the basic relation between storage and flow deter- 
mined by Langbein, and therefore the complete- 
ness of regulation that would be economically 
feasible for a given stream. The less evaporation 
from storage is, other things being equal, the longer 
the period of flow which can be regulated. Where 





31 See E. D. Eatoa, “Control of Evaporation Losses,”” memorandum of 
the chairman to members of the Senate Committee on Interior and Insular 
Affairs, Apr. 14, 1958 (Washington: U.S. Government Printing Office); also 
Ackerman and L#f, Ip. cit., pp. 451-457. Estimates vary over a wide range 
and basic data are meager. The Bureau of Reclamation estimates that 
2,000,000 acre-feet annually might be saved by 1980 in the Western States by 
monolayer use. U.S. Department of the Interior, Bureau of Reclamation, 
“Measures for Minimizing Water Storage and Conveyance Losses in the 
17 Western States,’? Denver, Colo. (1969), p. 7. 

32 Langbein ‘“‘Water Yield and Reservoir Storage in the United States,” 
U.S. Geological Survey Circular 409, as previously cited. 

% Ibid., p. 4. 





significant flow fluctuations occur over a number of 
years, as in Western United States and other arid 
and semiarid environments, this has substantial 
practical significance. For example, if reservoir 
evaporation on Colorado River storage systems of 
the sizes described by Langbein were reduced by 
50 percent, the reservoir capacity at which maxi- 
mum regulation is reached is 78 million acre-feet 
rather than 52 million acre-feet, as under estimated 
natural evaporation. Where added storage be- 
comes feasible, all flow and consumptive uses bene- 
fit. Hydroelectric generation is increased in pro- 
portion to the added volume of water available; 
and irrigation, industrial, and municipal use gains 
similarly. 

An interesting special application of evaporation 
suppression techniques could occur where moder- 
ately saline lakes exist. If the evaporation-inflow 
ratio were reduced, water of these lakes might 
become usable. 

To realize such possibilities, however, funda- 
mental research and continued experiment may 
be necessary for a long period. Present evapora- 
tion suppression methods, while promising for 
small water bodies, do not appear to have the ca- 
pacity for general application needed for major 
effect upon feasible storage-flow ratio in river 
basin development. The value of subsurface 
water storage where physically possible, should 
be considered in this connection. 


Location of demand by planning land use 


Each of the techniques discussed in this section 
in some way has touched upon a process which we 
might call the engineering of demand. Thus, re- 
cycling is designed to increase the units of output 
in a manufacturing plant for the unit of water 
withdrawn or consumed. Water conserving agron- 
omy may seek to maximize the financial returns to 
the farmer per unit of water used through selection 
of crop plants, carefully determined means of ap- 
plication, and other measures. Forest and range 
management for water yield should seek to maxi- 
mize the economic return from the water that falls 
within a given watershed by management which 

% The effects of evaporation suppression upon storage and regulation also 
might be interpreted from another point of view. Thus Louis Koenig has 
noted that the amount of regulation provided under existing evaporation 
conditions could be given by a much smaller reservoir capacity, and smaller 
capital expenditure, assuming a 50-percent reduction in evaporation. For 
example, a 50-percent reduction on 1959 Colorado reservoirs would increase 


annual regulation by 400,000 acre-feet (Louis Koenig, informa] report to 
Walter B. Langbein, undated). 


takes account of municipal, industrial, and irri- 
gational uses of water. Evaporation suppression 
is directed toward a reduction of the water con- 
sumed in the operation of facilities for flow regu- 
lation. A final and potentially powerful measure 
is the planning of land use in such a manner that 
location of demand for water facilities will be 
compatible with efficient development. 


There is nothing unprecedented or novel in the 
idea of planned land use. Perhaps its most famil- 
iar form is urban area zoning, but zoning of rural 
land use also has occurred, as among the non- 
agricultural counties of the lake States during the 
1930’s.*° These zoning regulations, in effect, were 
public decisions upon the location of demand for 
public services in sparsely settled, Jow-income 
areas. Generally, many important decisions of 
this kind usually have been initiated from private 
sources, as in the location of a residential sub- 
division in a metropolitan area. Zoning or other 
measures toward forming and enforcing a public 
decision about land use have been used relatively 
little in water development. The relatively few 
cases of application have concerned principally 
flood control; indeed, it is for the function of flood- 
damage prevention that the first really vital need 
for publicly controlled land use is being felt in 
water development. 

Gilbert White has aptly summarized the situa- 
tion which has caused the Nation to commence 
recognizing planned land use as an important 
adjunct technique in water development. He has 
stated— 

* * * although there have been remarkable engineering 
achievements over the period of 22 years since the first 
national flood control act passed, flood damage has con- 
tinued to mount. The occupance of flood plains has 
continued to spread * * *, It is a hard fact that the 
traditional approach to flood control through engineering 
works alone has not achieved the reduction in the annual 
bill the Nation is paying in flood losses. Major reductions 
had been anticipated 22 years ago when engineering 
efforts were launched outside of the lower Mississippi 
and Sacramento Valleys. It is a losing battle in some 
areas, and it is one which cannot be won simply by 
redoubling the investment in dams, levees, and channel 
improvements * * *, 

Moreover, there are areas where no engineering works 
can be justified. In many such areas, as well as along 


% Erling Day Solberg, ‘“‘Rurl Zoning in the United States,’’ U.S. Depart- 
ment of Agriculture, Information Bulletin 59, Washington, D.C., U.S. 
Government Printing Office (1952). 
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some streams where reservoirs have been constructed, there 
is continued construction of new buildings within the 
reach of floods. It is not enough to say, ‘‘No further work 
warranted.” 36 

These facts and others have stimulated some 
careful examination of the possibilities of planning 
land use for flood-damage prevention within the 
last few years. Metropolitan or urban agencies 
in a number of cases have developed urban renewal 
plans with reduced flood-damage potentials.*” 
Federal agencies like the Tennessee Valley Author- 
ity, the Corps of Engineers, and the U.S. Geo- 
logical Survey have commenced studies to provide 
technical information, like flood hazard estimates, 
which later can assist the development and appli- 
cation of this technique.** States like the Com- 
monwealth of Pennsylvania and the State of 
Tennessee also have undertaken some preparatory 
work. 

Although care will have to be taken in the appli- 
cation of public land use control for flood-damage 
prevention so as not to foreclose upon high value 
occupance where it is warranted, the field for 
application of these techniques in flood-damage 
prevention is so wide and their contribution to 
efficiency in water development of such high po- 
tential that they appear certain to be a part of 
future public planning. 

The outlook which has been opened in flood- 
damage prevention raises questions as to the po- 
tential application of planned land use to other 
aspects of demand for water facilities. It is obvi- 
ous that planning practices which determine the 
location and density of urban settlement also can 
influence the location of requirements for domestic 
water supply and for investment in facilities de- 
veloping that supply. An interesting and virtu- 
ally unexplored area in thought about these tech- 
niques concerns industrial location. Although 
many other factors in addition to water availability 
must be considered in the location of new manu- 
facturing plants, it is obvious that future water 





% Gilbert F. White, ‘‘Action Program for the States: A New Attack on 
Flood Losses,” “State Government,” [published by] the Council of State 
Governments, Chicago, spring 1959 (reprint, pp. 1, 2). See also Gilbert F, 
White et al., ‘Changes in Urban Occupance of Flood Plains in the United 
States,”” University of Chicago, Department of Geography, Research Paper 
No. 57, 1958. 

31 White, ‘A New Attack on Flood Losses,’’ p. 2. 

% Tennessee Valley Authority, ‘‘Program for Reducing the National Flood 
Damage Potential,”’ 1959, and idem, ‘‘Flood Problems and Management in 
the Tennessee River Basin,” 1959. See also U.S. Geological Survey, ‘“‘Hy- 
drologic Investigations Atlas,” e.g., ‘‘Floods at Topeka, Kans.,’”’ HA-14, 
Washington, D.C., 1959. 
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demands, and therefore demands for publicly fi- 
nanced water facilities, will be influenced by deci- 
sions on industrial location. The extent and de- 
gree to which the public should share in these 
decisions may demand future attention; accord- 
ingly, preparatory examination of the possibilities 
would seem a prudent part of policy. The sort of 
problem which will have to be considered is clearly 
indicated by the statement of a prominent Colo- 
rado scientist to the select committee: 

* * * we should take cognizance that population growth 

is now very great in regions where the peril of severe 
drought is highest. This implies, particularly, that it is 
only sound judgment to deflect away from drought-prone 
areas those industrial developments that use large amounts 
of water.” 
This question in the future will be of particular 
importance where pressures for interbasin diver- 
sions exist or can be foreseen. Examination of 
planned land use as a measure for introducing 
efficiency of development within a given basin also 
has potentialities and needs study. 


TREATMENT AND USE OF WATERS 
SUBSTANDARD QUALITY 


HAVING 


A drought may be created or it may exist 
because of the presence of unusable waters no 
less than by the physical absence of water. This 
is a fact upon which poignant testimony was pro- 
vided by many early settlers in western United 
States who found water supplies with too high a 
salt content for domestic, irrigation, or livestock 
use. It is a fact which also may be attested to 
by many more recent well-drillers in sections of 
the Great Plains running from the Canadian bor- 
der to that of Mexico. Moreover, it is a type of 
drought to which no part of the country is immune, 
not even humid areas. As the density of settle- 
ment in the country has increased and industrial 
growth proceeded, we have turned many naturally 
usable supplies of water into an unusable state by 
pollution and contamination. This may come 
through disposal of bacterial and other untreated 
organic wastes, disposal of inorganic chemical 
wastes, increasing stream sediment loads, and 
through salt water encroachment in mined aquifers. 
A potentially powerful and potentially pervasive 
new pollutant also must now be contemplated. 

% Walter O. Roberts, ‘“‘Recurring Droughts—A National Problem,” 


testimony before the Senate Select Committee on National Water Resources, 
Denver, Colo., Nov. 20, 1959, transcript, p. 14. 





This is pollution by radioactive wastes. The pos- 
sibility that man-made “drought” may occur with- 
in localities or regions of the future United States 
must be entertained as the density of settlement 
increases and as our capacities for polluting or 
contaminating water also increase. It can affect 
all withdrawal uses and recreation. 

However, the droughts created by man’s con- 
tamination or by the substandard quality of 
naturally occurring waters are less harsh over the 
long term than the droughts created by lack of 
precipitation. There are within our means meth- 
ods for avoiding contamination, reclaiming pol- 
luted and other substandard waters, and adjust- 
ing use to a variety of quality requirements. 

Today nearly all water supplied by municipali- 
ties, much of that withdrawn for industrial use, 
and even some irrigation waters are treated before 
use. A number of practices have been developed 
to improve the quality of water. It can be me- 
chanically processed by filtration, aeration, or 
sedimentation, and it can be treated chemically 
in many ways. ‘Today practical means exist to 
remove calcium and magnesium salts present in 
water as bicarbonates, chlorides, sulfates, or ni- 
trates, iron compounds, sodium compounds, and 
other inorganic materials which may be present 
in water solution. Nearly all undesirable mi- 
croorganisms which can live in water can also 
be destroyed and means exist for the elimination 
or neutralization of most wastes which can be 
waterborne. As is now well know, even sea water 
can be desalted and the product made available 
for consumptive uses which can support high 
costs. 

Means thus already have been recognized and 
applied to the treatment of waters with sub- 
standard quality. However, there are three 
problems which they present for future policy 
and future management: (1) lowering the cost of 
treatment; in some cases the objective must be 
lowering to levels considerably below the known 
most economical means of the present; (2) the de- 
velopment of methods of coping with new pol- 
lutants of innovational nature; (3) recognition 
that these techniques are effective tools for in- 
creasing the availability of water, and can be a 
part of comprehensive management. 





The question of economical means of treatment 


As already suggested, there is a great variety of 
water treatment processes already applied to the 
remedy of undesirable water conditions of differ- 
ent kinds. Some are applied on a very wide scale, 
like the treatment of organic wastes. Nonethe- 
less, they all fall short of the truly effective con- 
tribution to water availability which may be con- 
sidered desirable. For example, processes for 
treating organic wastes (like ordinary sewage) 
are familiar and relatively simple. Yet there are 
many communities whose citizens believe that 
their financial resources would be or are severely 
taxed by treating organic wastes so as to eliminate 
contamination of water by those wastes. One 
answer has been to supply Federal or State aid 
for such communities. While this is entirely 
commendable from a social point of view, it is at 
the same time an indication that technology still 
has opportunity to contribute toward a lasting 
answer to the problem of treating organic wastes. 
Such an opportunity lies before technology until 
the time that any community can treat its wastes 
without encountering financial difficulties in so 
doing. 

Although the treatment of chemical wastes 
from industry has advanced enormously in the last 
20 years, the problem of costs still appears to be 
present. Few States or districts which are now 
attempting to attract new industries tolerate the 
release of untreated wastes into their waters. 
However, the problem is still a significant one in 
many older industrial areas where treatment costs 
may seem prohibitive to a reluctant management, 
or on a marginal operation. 


Perhaps the most striking area of water quality 
improvement where costs are critical is in desalt- 
ing sea water and brackish water. The accelerated 
experiment now underway in federally supported 
programs essentially is a search for cost reduction. 
A number of interesting and ingenious methods 
of desalting now are under investigation by the 
Department of the Interior Office of Saline Water 
and its contractors. As yet, however, no truly 
low cost process is in sight. Costs in the range 

40 See Department of the Interior Office of Saline Water Report to the 


Senate Select Committee on National Water Resources, “Saline Water 
Conversion,” 
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Upstream areas — 1,000,000 acre-feet 
of fresh water releasable if converted 
sea water substituted for present uses 





Potential local supply more than 
- adequate for ultimate demand 
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" 1 Central Valley 8 Santa Maria River Basin 14 Los Angeles 20 Eastern and Central 
; 2 San Francisco Bay 9 Santa Ynez River Basin Metropolitan Area Texas Gulf Coast 
‘ 3 Sacramento Delta 10 Santa Barbara County 15 San Juan Creek Area 21 Guadeloupe - 
; 4 Santa Cruz County 11 Ventura River Basin 16 Santa Margarita River Basin Rio Grande 
5 Pajaro River Basin 12 Santa Clara 17 San Diego Metropolitan Area 22 Lower Rio Grande 
6 Salinas River Basin 13 Antelope Valley. and 18 Salton Sea - Colorado District 








7 San Luis Obispo Mohave District 19 Owens River Area 
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Figure 7.—Regions of potential demand for demineralized sea water for irrigation. The figures in annual acre-feet 

indicate the approximate amount of fresh water potentially releasable to nearby areas if demineralized sea water were 
to be fully used in the coastal regions. Economic feasibility of supply was not considered in compilation of the data 
used on this figure and in table 6. (From U.S. Department of the Interior, Office of Saline Water, “Potential Use 
of Converted Sea Water for Irrigation in Parts of California and Texas,” 1954.) 


of 50 cents per thousand gallons ($165 per acre- 
foot) are contemplated although not yet achieved." 
If desalted water at 50 cents per thousand gallons 
becomes available, important effects on local water 
supply in critical areas are readily apparent. 
Such water comes within the cost range estimated 
for some important interbasin diversion projects. 
For example, a proposed project for bringing addi- 
tional water to the Nevada desert from the 
Columbia River, assuming that this were polit- 
ically feasible, has been estimated to involve total 
costs of about 40 cents per thousand gallons.” 
Although it is clear that demineralized water at 
these costs could not be used for irrigation pur- 
poses, it presently shows promise of being com- 
petitive for industrial and domestic uses in some 
areas. Although only a few American coastal 
cities have immediate need for additional water 
supply, a number of water-scarce inland munic- 
ipalities are either within feasible pumping dis- 
tance of sea water or accessible to saline ground 
water supplies. Coastal sections of California 
and Texas seem especially interesting in this 
connection. So do many parts of the Great 
Plains underlain by saline water-bearing aquifers. 
(Figures 5, 6, and 7, and table 6.) It must be 
stressed, however, that any widespread applica- 
tion of desalinization processes will depend on the 
reduction of total costs of operation to levels not 
yet achieved, even though such costs are likely 
to be attained. The critical part of the desalting 
program thus still centers on cost reduction. 
Economical reduction of the sodium content of 
western irrigation water is a special challenge for 
the future. Every degree of sodium ion reduction 
in presently employed irrigation waters can reduce 
water demands for leaching, lessen drainage 
problems, decrease salt additions to soil, increase 
crop productivity, and decrease the cost of irri- 
gated farm output in such circumstances. The 
stakes connected with the desalting program thus 
are high. 

41 See Ackerman and Liif, op. cit., pp. 348-349; U.S. Atomic Energy Com- 
mission Report to the Senate Select Committee on National Water Resources, 
“Application and Effects of Nuclear Energy,’’ Select Committee on National 
Water Resources Committee Print No. 27, Washington, D.C., 1960. 

4K. C, D. Hickman, ‘“The Water Conversion Problem,” Industria] and 
Engineering Chemistry, 48 (April 1956), pp. 7A-20A, reference on p. 18A, 
This calculation includes amortization of investment and estimated elec- 


tricity costs for pumping of about 5 mills per kilowatt hour, See also Ap- 
pendix 1], 


TaBLE 6. Regions of potential demand for demineralized 
sea water for irrigation 


Feasible Estimated 
pumping Ultimate potential 
elevation | deficiency in| market for 
Region for de- | localsupply | converted 
mineral- | (annual acre-} sea water 











ized sea feet) (annual acre- 
water feet) 
(feet) 
CALIPORNIA 
1. Central Valley. -....... bilge ieee al (). 
2. San Francisco Bay-...........-.- () 1,330,000 to | 1,000,000 to 
2,400,000. 2,000,000. 
3. Sacramento Delta. --..........-- (?) as a cd 3,000,000. 
4. Santa Cruz County-_.........-- 500 | 13,000.......| 5,000 
By BE se cccdensdackscececedns (3) 
6. Salinas River Basin_..........-- 500 () 
A OR! | 500 | 180,000_-.---- 150,000. 
8. Santa Maria River Basin ---___-- 500 | 80,000..-....| 80,000. 
9. Santa Ynez River Basin. -....__. 500 | 80,000....-..| 60,000. 
10. Santa Barbara County-........-- 300 | 70,000....._- 70,000. 
11, Ventura River Basin_.........-- 200 | 5,000__...-...]| 5,000. 
12. Santa Clara River Basin_____- oa 500 | 190, 000__.... 150,000. 
13. Antelope Valley and Mohave 
iid inisnash iatlaadoukeces (4) 
14. Los Angeles metropolitan area_- 2,000 | 2,100,000_.... 2,100,000. 
15. San Juan Creek area_.._.....--. 1,000 | 140,000...-..| 135,000. 
16. Santa Margarita River Basin-_. 1,000 li 116,000 (ease 
17. San Diego metropolitan area____ —ee 728,000. 
18. Salton Sea—Colorado District - ~|_........- «‘) 3, 500, 000. 
ey ee ee eee (4) 
TEXAS 
20. Eastern and central Texas gulf 
Pl nctiatiebinitttinnatdidineduntibewewrnts aii ance 
21. Guadaloupe—Rio Grande_._.-- 500 | 2,860,000... 2,860,000. 
22. Lower Rio Grande.-_..........-- 500 | 1,650,000_.... 1,650,000. 


1 Undetermined. 

2 Converted sea water would be usable at lower elevations. Maximum 
elevation not determined. 

3 Currently planned fresh-water developments adequate for anticipated 
future demand. 

4 Ultimate deficiency undetermined, 


Source: U.S. Department of the Interior, Office of Saline Water, Potential 
Use of Converted Sea Water for Irrigation in Parts of California and Teras, 1954 
and Ackerman and L#f, op. cit., table 29, p. 345. 


Another field which deserves cultivation but 
which has not had either the popular appeal or the 
legislative attention given to desalination concerns 
the techniques of sediment control. In the econ- 
omy of this day they have a very wide significance. 
Reduction or elimination of sediment content has 
aesthetic, public health, and economic effects 
which certainly must be considered more heavily 
in future planning of development. ‘To some de- 
velopment purposes, like domestic, industrial, and 
municipal water supply, and recreation, sediment 
control or elimination is absolutely essential. For 
others like navigation, or power production, it is 
an economic asset. ‘To meet desirable standards 
of water quality in the future it is obvious that 
the cheapest means of sediment control is that of 
erosion control. It is assumed that their value 
now so widely recognized will be continued to be 
applied as needed. However, there are limits to 





an. 


ce 
SO 
ey 
in 





Te- 


). 
). 


mum 


pated 


tential 
s, 1954 


but 
‘the 
erns 
con- 
nce. 
_ has 
fects 
ivily 
> de- 
and 
nent 
For 
it is 
lards 
that 
at of 
value 
to be 
its to 


— ——y 


cca cenmnererers 


Sica 


(8 EERE SN EERIE A AIRE SY 


the practical extent of applying measures of erosion 
control for sediment reduction. One need only 
consider many local situations in semiarid and arid 
Western United States to understand this. While 
natural deposition ultimately takes care of the 
problem there are situations in which this too is 
costly or impractical. There is certainly a field for 
study of possibilities of cost reduction in reducing 
or eliminating the sediment content of water 
supplies. 


Problems presented by new types of wastes 

The many benefits conferred by the application 
of modern chemistry, and, now, modern physics, 
upon our means of agricultural and industrial pro- 
duction and upon our domestic pursuits are often 
accompanied by problems of public safety or con- 
venience. Every existing pollution problem from 
industrial sources is witness to this fact. These 
problems may be expected to continue their 
emergence in the future. One of them, the risk 
of contamination from the use of radioactive ma- 
terials, is so spectacular that public interest has 
stimulated a large and apparently entirely ade- 
quate program for developing radioactive waste 
disposal techniques. However, problems are ap- 
pearing from less spectacular sources which also 
deserve methodical attention. 


Our increasing realization that many modern 
chemicals may have subtle but nonetheless harm- 
ful physiological effects underlines the need of 
keeping the chemical waste contamination of 
water prominently in review. For example, there 
are no satisfactory means for removing detergents 
from domestic water supplies; and the use of 
insecticides and weed killers can produce detect- 
able residues in some water supplies. While we 
may assume that the effects of these residues are 
physiologically harmless, recent history in the 
United States is studded with the discovery of 
danger in substances hitherto carelessly assumed 
to be safe. The problem of chemical waste re- 
moval therefore may be considered a dynamic 
one in which public responsibilities are not to be 
discharged alone by attention to the spectacular 
or by waiting for the appearance of crises. 





& The program of the Atomic Energy Commission and the projects of its 
contractors. This is not intended to suggest that satisfactory and tested 
solutions to the problems of disposal which can be foreseen now exist. How- 
ever, there is an existing establishment with apparent competence for develop- 
ing such solutions, 
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Recognition of treatment techniques as a part of 
water development 


There is certainly some appreciation of the 
potentiality of treatment techniques in water 
development, and active interest expressed from 
a variety of sources within the country. Although 
the Federal Government has shown leadership in 
some important fields, as in radioactive waste 
disposal, desalting, and some aspects of organic 
waste treatment, there is still a degree of reliance 
on technical leadership at a more local level. 
This seems to be the case for at least some im- 
portant problems of chemical waste treatment, 
and some of organic waste treatment. Moreover, 
the Federal programs and the existing programs at 
State and local levels have an isolated individual 
orientation. They are not yet considered as 
related to each other or as a part of a whole set 
of techniques, including multiple-purpose devel- 
opment, whose joint consideration can greatly 
increase the efficiency and rate of progress in na- 
tional development. Improved means of weighing 
the adequacy of current research, development, 
and application would seem a very natural result 
from a more comprehensive review. 

Use priorities corresponding to water quality 

Water uses have differing degrees of tolerance 
to specific water qualities. Some industrial uses, 
for example, require very nearly pure or salt-free 
and sediment-free water. On the other hand, 
irrigation water may have a high turbidity and a 
salt content as high as 3,500 p.p.m. and still remain 
useful in some special situations. 

Where treating water of substandard quality is 
temporarily or permanently impossible, it is there- 
fore apparent that the cause of efficiency in water 
use may be served by “pairing” of tolerant uses 
and low quality supplies. This long has been 
practiced in agriculture, where salt-tolerant crops 
and salt-tolerant animals like sheep have been 
employed to make use of water supplies with 
relatively high salt content. For many years cer- 
tain coastal industrial plants also have used sea 
water, principally for cooling purposes. Until 
recently such use has been deterred by the corro- 
sive action of sea water on metal surfaces and the 
fouling of heat transfer equipment by precipitated 
salts and marine organisms. However, improve- 





ment in corrosion-resistant alloys in recent years 
has led to a lessening of corrosion problems in sea 
water use, making the employment of sea water 
cooling much more feasible than it has been. As 
a result, clean sea water now is a generally cheaper 
and more satisfactory coolant than the contami- 
nated fresh water requiring considerable pretreat- 
ment.“ Besides cooling, sea or other salt waters 
have other industrial uses, such as flushing or 


“ Ackerman and L&f, op. cit., p. 351. 











washing operations, sluicing ash, movement of 
logs and wood chips in pulp mills, laundering and 
other functions. While decisions on the pairing 
of use and quality of supply should be and will be 
made on an economic basis, it is evident that. this 
tool for achieving some efficiencies in water use 
now is practical enough to be entertained as an 
alternative to treatment or other means of pro- 
viding an adequate supply under some local 
conditions. 





IV. THe ORGANIZATION OF DEVELOPMENT 


In this report we previously have given a general 
description of the nature of development and the 
present major approach of integrated multiple- 
purpose management, an analysis of the future 
needs for efficiency in the U.S. water develop- 
ment, and a review of the techniques which can 
be applied where efficiency is sought. Full under- 
standing of the policy implications of these 
techniques may be aided by a brief description of 
the general procedure of development and how it is 
orgenized administratively. Under whatever aus- 
pices, effort toward development generally follows 
a procedure which may be described in three 
major steps: planning for development, realizing 
development, and operational management. 

These three major steps may be described in 
outline form somewhat as follows: 

(1) Planning: 

(a) Supplying initiative toward the recog- 
nition of development problems. 

(6) Policy formulation. Provision of spe- 
cific interpretation of general statutes, or 
necessary legislative modification thereof. 

(c) Applying all types of research tech- 
niques to the clarification and solution of 
development problems, e.g., planning analy- 
sis, programing, etc. 

(d) Evaluating engineering and economic 
feasibility of development; physical planning 
of development; coordination of planning for 
several purposes of development. 

(e) Project scheduling. 

(f) Review of experience and evaluation 
of progress. Drafting of measures for neces- 


sary administrative or procedural reorganiza- 
tion or correction. 


(2) Realizing development: 

(a) Securing or supplying entrepreneurship 
for development and later operational man- 
agement. 

(b) Securing necessary legal authorizations 
for development and subsequent operation of 
facilities. 

(c) Securing or supplying financing; admin- 
istering disbursement of investment funds. 

(dq) Detailed designing and engineering of 
projects. 

(ec) Management and supervision of con- 
struction or other developmental activities. 

(3) Operational management: 

(a) Necessary physical and mechanical 
operations. 

(6) Sale of vendible products or services. 

(c) Provision of debt repayment. 

(dq) Coordination of all operations with 
other public or private operations having 
impinging areas of interest. 

These functions generally are pertinent what- 
ever the group or jurisdiction concerned, whether 
it is the Nation, a group of States, a single State, 
a district, or a community. 


Each of these major steps in the past has brought | 


forth some characteristic problems for public 
policy and practice which are now familiar to all 
who are concerned with public or private partici- 
pation in water development. For example, the 
identification and the preservation of reservoir 
sites have been problems of public concern in 
planning for water development. 
collection and interpretation of adequate basic 
data, the coordination of multiple-purpose plan- 
ning, the establishment of integrated basin plan- 
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ning, planning for related land-use practices, and 
the relation to use of other resources. The system- 
atic promotion of technical innovation and its 
timely application also have been problems of 
planning. Problems connected with the realiza- 
tion of development most frequently have con- 
cerned financing—whether private or public funds 
should be used, the degree of repayment to be 
required, and the financing of research and experi- 
ment. Problems related to operational manage- 
ment have been seen in water quality control, the 
jurisdiction of different levels of administration, 
priorities in water use, and the relation of planning, 
construction, and management agencies. The 
relation of water resources to the operation or use 





of other facilities or resources also has been a 
notable problem. The latter has been illustrated 
in the opposition of the coal industry to hydro- 
electric-power development in some parts of the 
country, and in the perennial problem of the 
competition of inland navigation facilities with 
rail carriers. 

Some of these problems have survived and re- 
main appropriate for consideration in a policy 
review like that of the select committee. A num- 
ber of them have been resolved at least adequately 
in the past. However, the needs of the future 
bring forth still others. Their identification is an 
essential prolog to decisions on policy change. 





V. Some GENERAL PRoeLeEMs oF FuturE DEVELOPMENT 


An activity as pervasive as water development 
may be expected to have deep roots in the physical, 
economic, and institutional characteristics of the 
Nation. Both our strengths and our problems are 
profoundly related to these characteristics. Among 
them are— 

The United States is a country of large river 
basins. Six major basins include nearly three- 
fourths of the land area of continental United 
States. 

Two great regions, one eastern and one western, 
have distinctly different characteristics of water 
supply. In the past they also have had distinctly 
different types of water demand, the requirements 
of the West being heavily dominated by the use of 
water for irrigation. 

Private ownership of the means of economic 
production and distribution is dominant in the 
Nation. Accordingly, the economy of the country 
is dominated by judgments of the marketplace in 
the satisfaction of consumer demand. ‘This 
process has been modified substantially for the 
provision of water and water-derived services, 
which depends in part upon socially based political 
and governmental decision. 

Constitutional law affords the basic legal frame- 
work for the organization of water development. 
The interstate commerce clause and other con- 
stitutional provisions furnish a distinctive legal 
structure requiring regulation as well as encourag- 
ing Federal participation in water development. 

The 50 State jurisdictions within the United 
States have little correspondence with the limits 


of the major drainage basins, or even with the 
limits of the important tributary basins. In 
addition, hundreds of county, municipal, and 
special district jurisdictions over water are found 
within the State borders. Fragmentation of user 
interest and developmental responsibility is typical 
of our water administration. For example, within 
the Delaware River watershed, a relatively small 
basin, there are more than 100 Federal, State, and 
municipal governmental entities concerned with 
the planning and eventual operational manage- 
ment of water facilities. A large number of 
private corporations are interested in the use of 
the same water, and a few also have operational 
interests. 

These features of the institutional and physical 
environment of the Nation form a background 
against which a few general problems of future 
development may be readily understood. They 
are: Recognition of new types of regional require- 
ments, program design for different scales of 
development, the weighting of future obsolescence 
in program design and financing, and the coordina- 
tion of Federal operations with those of other 
public or private agencies having impinging areas 
of interest. 


RECOGNITION OF NEW TYPES OF REGIONAL REQUIRE- 
MENTS 


One great regional or sectional difference within 
the United States has been of classic significance 
for water policy. This is the difference between 
the 17 Western States which contain arid or semi- 








arid lands and the 31 Eastern States and their 
humid environment. The classic interest of the 
East has centered on flood control and navigation, 
whereas that of the Western States has been con- 
cerned with irrigation and more recently with 
irrigation, electric power, and flood control. 
Important as it has been for the past, there can be 
little question that the simple distinction between 
East and West no longer will suffice as the basis 
for policy formation. 

The phenomena of urbanization and industrial 
growth already have affected both East and West 
profoundly. Their further influence in the future 
is almost certain to make them basic factors for 
future water-development policy. The test of 
any policy or procedure, and indeed its origin, is 
likely to be in extreme conditions. Thus the 
origin of our reclamation policy and the tests of 
its success lay in the perennial drought conditions 
of the western Great Plains and intermontane 
basins. The tests of our flood-control policy have 
come in its success in meeting the conditions 
encountered in the Ohio Basin and on the lower 
Mississippi. 

The extremes of the future likely to be encoun- 
tered as tests of the success of Federal policy are 
likely to be found in both East and West, but in 
the areas where urban and industrial growth are 
indicated as most likely. These are certain to come 
within the group of nine Southwestern States 
previously described in this report, and within 
the States of the northeastern-midwestern urban 
zone. 

The Southwestern States generally include those 
basins described by the select committee as Central 
Pacific, South Pacific, Great Basin, Colorado, 
Upper Rio Grande, and Pecos, Upper Arkansas- 
Red, and Western Gulf. 

The rising population of these areas, indications 
of their rising per capita water requirements, and 
their limited runoff promise to bring total water 
requirements uncomfortably close to the limits of 
natural supply by the year 2000 (see app. 11). 
Something more than the traditional approach to 
water development will be required to meet the 
problems of the Southwest. It is likely that not 
even integrated multiple-purpose development 
will suffice. to bring water demand and water 
supply into balance if the expected and desired 
economic and population growth are to be 
supported. 
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The second great region to be considered. in 
future water policy is the northeastern-mid- 
western urban region. This region covers all or 
an important part of 19 States in the northeastern 
quadrant of the country, lying generally within 
the basins described by the select committee as 
Lower Missouri River, Upper Mississippi River, 
Ohio River, Western Great Lakes, Eastern Great 
Lakes, Delaware and Hudson Rivers, New Eng- 
land, and Chesapeake Bay (including the Potomac 
River). This is the region, as will be remembered, 
within which most of the population and industrial 
growth of the country are expected during the 
remainder of this century. The density of this 
coming occupance and the humid physical environ- 
ment combine to create a somewhat different set 
of problems for water development in this region 
as compared with the Southwest. The great 
numbers of people involved, and the industrial 
growth needed to support them, will create con- 
ditions that also will be tests for future develop- 
ment policy, but of a different sort from those of 
the Southwest. The problems which can be 
anticipated in this region generally concern quality 
control of water and treatment therefor, the 
adequacy of inland navigation facilities, the 
adequacy of water recreation facilities available 
to the public, and the adequacy of flood preven- 
tion measures. Again these requirements promise 
to reach beyond the capacities of the traditional 
development procedure of the immediate past. 

The description of these two regions as areas 
within which the heaviest pressure upon the water 
resource is likely to be reached, and therefore the 
most stringent tests of policy, does not mean the 
absence of development problems elsewhere in the 
country. Indeed, heavier requirements for future 
development exist within the remaining two re- 
gions, the Southeast and the eight Northwestern 
States, but inadequacies of procedure are less 
likely to be felt within them because of the gener- 
ally higher ratio of resources to population 
anticipated within this century. These two re- 
gions have some striking general similarities in 
the problems which they present for development 
in the future, in spite of the obvious physical 
differences and their contrast in the past. Both 
are regions upon which the country will depend 
heavily for further expansion of agricultural pro- 
duction through irrigation. About two-thirds of 
the net additions to irrigated acreage estimated by 
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the U.S. Department of Agriculture as required 
for projected high population levels by the year 
2000 fall within these two regions.“ In addition, 
these are regions in which some industrial and 
urban growth may be expected, but generally of 
a more dispersed nature than in the other regions. 
In general, these two regions may be characterized 
as having less pressure upon their water resources 
than the other two, considerable potentiality for 
agricultural development, and as areas of dis- 
persed industrial growth. 

Recognition of these sectional differences can 
provide a useful generalization for judging the 
adequacy of present or proposed water policies. 
Judged by the standards of the remainder of the 
world each of the regions described has distinctive 
characteristics, and each is equivalent to a nation 
in area and population. They would seem the 
largest sectional units that could be used for form- 
ing and testing future Federal water policy. 


SCALE OF DEVELOPMENT AND PROGRAM DESIGN 


The basic reason why both multiple-purpose 
development and integrated basin development of 
water resources have achieved a permanent place 
in planning and construction lies in the economies 
of scale which they afford. Other things being 
equal, the larger the capacity of a reservoir, the 
lower the capital costs per acre-foot of storage.*® 
Or the larger the head which can be taken ad- 
vantage of through strategic construction of hydro 
generating plants along the entire course of a 
stream, the greater the benefits from a given acre- 
foot of water stored. In a like manner, even 
interbasin diversions present some possibilities of 
scale economies. 

U.S. Department of Agriculture, ‘‘Land and Water Potentials and 
Future Requirements,” a report to the Senate Select Committee on Na- 
tional Water Resources, Washington, D.C, (1959), tables 43 and 46. 

The actual function representing economies of scale in reservoir con- 
Struction will differ as site conditions, location, engineering design, and 
other conditions differ. Robert Dorfman, Harvard Program of Research in 
Water Resources Development, has given a typical simple hypothetical 


form which he applied to a benefit maximization problem in a hypothetical 
basin. In symbols it is: 





where C is the capital cost of construction and X is any given capacity in 
acre-feet. (Robert Dorfman, “Design of the Simple Valley Project,”’ paper 
presented at the Symposium on the Economics of Watershed Planning, 
Tennessee Valley Authority, Knoxville, Tenn., June 10-12, 1959 (July 1959 
revision). See also figs. (A) and (C), app. 4 of this report for graphic descrip- 
tions of this function, 
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Full use of scale economies in integrated development 


One of the problems of the future is that of the 
extent to which the economies of scale and other 
economies from integration already indicated as 
possible will actually be achieved through multiple- 
purpose integrated basin development. There are 
some major streams, like the Columbia River, 
where present system design is not yet taking full 
advantage of these possible economies.*” Wherever 
there are divided jurisdictions, either because of 
an international border or because of State com- 
pact division of water, such problems exist or may 
be expected. 


One of the interesting and as yet little studied 
questions in hydraulic planning is an examination 
of the entire Mississippi system as a unit. Al- 
though plans have been drafted and to a degree 
implemented for the major tributaries of the Mis- 
sissippi, the characteristics of the entire system as 
an integrated unit have been given little attention. 
The now famous House Document No. 308 (69th 
Cong., lst sess.) separates the Arkansas, Ohio, and 
Missouri basins from the Mississippi for separate 
consideration in the hydraulic studies which it 
directed. The importance of both the upper and 
lower Mississippi in future irrigation plans, the 
potentialities of a better integrated inland naviga- 
tion system as related to the great northeastern- 
midwestern urban zone, and the gigantic size of 
this system now make it a tempting subject for 
exploring total system design. It is possible that 
the time already may be past when the major bene- 
fits from such planning and development could be 
realized. However, its possibilities at least make 
it deserving of study (fig. 8). 


Coordination of tributary and main-stem develop- 
ment 


There are two remaining aspects of the problem 
of achieving scale economies through water de- 
velopment which are worthy of consideration in 
policy review. They are the coordination of 
tributary development and main-stem river basin 
development, implied in the above discussion of 
the Mississippi Basin, and the achievement of 
scale economies in the water-related services. 

‘7 [Hlustrated in the sequence and timing problem described by John V. 


Krutilla in ‘“‘Sequence and Timing in River Basin Development,” Resources 
for the Future, Inc., 1960. 








The coordination of tributary development and 
main-stem development perhaps has had its most 
vivid illustration in the upstream-downstream 
storage controversy which has been nourished in 
some quarters for at least a decade. Unfortu- 
nately, this controversy, as popularly presented, 
often has taken on an either/or complexion. In 
fact, however, it is not a question of upstream 
works versus big dams, but of the coordinated 
planning of the two. Each has its appropriate 
and valuable place. The existence of the contro- 
versy does point to the fact that our planning in 
this instance has been incomplete in the past. 
The great advantages of scale conferred by the 
techniques which have made large reservoirs pos- 
sible have brought a concentration of attention 
upon the main stems of our streams without full 
planning for some of the tributaries. An example 
occurred in the development of the Kansas River 
Basin, where crisis-generated plans for Kansas 
City flood control omitted consideration of up- 
stream agricultural and municipal needs.“* The 


48 See University of Kansas, ‘“‘The Kansas Basin, Pilot Study of a Water 
shed,” Lawrence, Kans., 1956, p. 103. 


Ficure 8.—The Mississippi River Basin, including its principal tributary basins. 


development there encouraged in the interest of 
scale economies and as part of a basinwide plan 
seems to have leaped over the more localized 
needs of the smaller tributary basins. The sub- 
ject still is a fertile source of public discussion 
among those interested in the development of the 
Kansas basin.*® The temptation and even the 
drive to take advantage of the scale economies in 
our future water development thus must be tem- 
pered with the realization that different scales of 
requirements must be considered in planning the 
full development of a large river basin. This is 
one reason that a complete design for the entire 
Mississippi system which takes full advantage 
of the scale economies would be an enormously 
complex task. However, even for smaller basins 
the question of adequate planning for different 
levels of requirement still remains. This is a 
question for which the experimental application 
of operations analysis methods may provide 
helpful direction of physical design. 


4 See transcript of hearings of the Senate Select Committee on National 
Water Resources at Topeka, Kans., Nov. 18, 1959. 
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INTERSTATE ELECTRIC PUBLIC UTILITY HOLDING COMPANY 
SYSTEMS registered in 1957 with the Securities and Exchange Com- 
mission (pursuant to Section 5 of the Public Utility Holding Company 
Act of 1935) 










—— Service area boundary of privately owned electric utility companies 







———@ Service area boundary (generalized) of publicly owned electric utilities 
including all cooperatives with their own generating facilities 






(3) Delaware Power and Light Co 
(4) Eastern Utilities Associates 

(5) General Public Utilities Corp 
(7) New England Electric System 


(12) West Penn Electric Co 














° Municipally owned generating plant with capacity of 10,000 kv or over 













information as of Jarwary 1957 





SOURCES 


Directory of Electric Utilities, 1957 (New York: McGraw-Hill, 1957), and 
Principal Electric Utility Generating Stations and Transmission Lines 
(Washington: Federal Power Commission, 1956); additional information 
supplied by state regulatory agencies. Grophic Summary of the Rural 
Electrification and Rural Telephone Program (Washington: Rural Electri 
fication Administration, 1953), revised and brought up to date from 
































The number in brackets after the nome of o company in the moin 
index identifies the holding company system to which each of the 
subsidiaries listed above belongs 
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Figure 9. New England, Mid-Atlantic 
Service Areas. (From Ackerman and Léf 
velopment, United States Electric Power 
Johns Hopkins Press, 1959.) 
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Achievement of scale economies in water-related 
services 

By far the most important water-related serv- 
ice™ is in the generation and_ distribution of 
electricity. The very rapid growth of generation 
and electricity use during the last 30 years has 
provided many interesting examples of the econ- 
omies of scale; it has also provided some out- 
standing examples of the way in which organiza- 
tion about hydroelectric power generation can 
form potent stimuli toward economies of scale 
and the sale of electricity at very low cost. 

Future generation and distribution of electricity 
is very likely to be characterized by these condi- 
tions: 

(a) A very rapid rate of increase in electricity 
requirements and in total generation from all 
sources. Electricity requirements by the year 
2000 may be as much as seven times those of 
1959, indicating a possible rate of growth much 
outstripping that of population. 

(b) Most of the vast additions to generating 
capacity will be fuel-powered plants rather than 
hydroplants.*! They will be either fossil fuels or, 
during the latter years of the century, nuclear 
fuels. 

(c) Measures which can achieve cost reductions 
and rate reductions for the electricity produced 
and consumed in the future will continue to be 
economically and socially desirable. 

The high proportion of fuel-powered plants 
which will characterize future electricity genera- 
tion does not mean a role of insignificance for exist- 
ing and future hydro-generating units. Their im- 
portance in providing capacity at periods of peak 
loads may even enhance the value of hydro. This 
is mentioned because past development has shown 
that hydro generation can be the basis for organiz- 
ing systems of large enough extent to support 
large-scale, low-cost fuel-powered plants. This 
applies to both privately operated and publicly 
managed generation. In this connection two 
facts are of future policy interest: Many of the 





“A “water-related service” is one which can be provided by water, but 
also by other means. Recreation and transportation are other examples. 

§ An increase of about 1,333,000,000,000 kilowatt-hours in electricity con- 
sumption between 1955 and 1975 has been projected by Resources for the 
Future, Inc. Of this only about 145,000,000,000 kilowatt-hours, or 10.8 per- 
cent, is estimated as being served by hydrogeneration. (Sam H. Schurr, 
“Past and Prospective Demands” in ‘“Two Statements on the Nation’s 
Energy Position,’ Resources for the Future, Inc., 1959, p. 20.) 


utility service areas in the northeastern and mid- 
western sections of the country are not of sizes 
which encourage the establishment of large-scale 
plants. This is illustrated by data on generating 
plant capacities in New England, which has many 
small service areas, and in California, which has 
relatively large power service areas. (Table 7 and 
fig. 9.) Both reflect practices in privately oper- 
ated systems. Most New England plants are of 
a small size that Californians have hardly bothered 
with. Only 23 percent of the total number of 
New England public utility generating stations 
in 1959 had installed capacities of 100,000 kilo- 
watts or more. The economies of scale achieved 
within the larger generating units and larger 
plants are substantial. Typical operation and 
maintenance costs for a 65-megawatt unit may be 
three times those of a 500-megawatt unit. Total 
costs per kilowatt-hour of a 15-megawatt unit 
may be nearly twice those of a 200-megawatt unit 
(see app. 9). Sixty percent of all U.S. utility 
operating companies were reported in 1957 as hav- 
ing peak loads of less than 125,000 kilowatts. 
Those with peak loads in excess of 500,000 kilo- 
watts were only 14 percent.” In view of the fact 
that size of service area may have some relation 
to past Federal legislation,” utility system size 
appropriately might be considered in a review of 
the relation of water development to electricity 
production. Although a number of electric utility 
companies were under holding company control 
prior to 1935, most of the holding companies di- 
vested themselves of subsidiaries in such a way 
that the latter now are exempt from Federal regu- 
lation, being entirely under State jurisdiction. 
Because State boundaries do not necessarily coin- 
cide with logical electric service areas, the optimum 
size of geographical area was attained only by 
coincidence.* In recent years some power “pools”’ 
have been organized cooperatively by adjacent 
systems. These pools can and do take advantage 
of large-scale generation, and may be one effective 
method of achieving scale economies. The North- 
west Power Pool, covering the Pacific Northwest, 
is notable among them. However, ‘“‘intercon- 
83 “‘National Association of Electric Companies Legislative Abstract,” 
vol. II, No. 16, Oct. 28, 1957, p. 1. 

83 The specific legislation referred to is the Public Utility Holding Company 


Act of 1935 (act of Aug. 26, 1935, 49 Stat. 303). 
% See also Ackerman and L&f, op. cit., p. 505. 





nected” systems, the typical relation between 
neighboring U.S. electric utilities, are not designed 
to take advantage of these economies.” 


TaBLeE 7.—Thermal electric stations in New England and 
California by size groups 


Number of stations 


New England! California 


Installed generating capacity (in thousand 
kilowatts): 





2 0 
5 1 
6 0 
14 1 
22 2 
7 9 
8 6 
6 2 
1 8 
2 1 
0 A 
0 1 
73 35 
23 63 





Source: Federal Power Commission files. Data include plants operated by 


electric utilities only. 


THE WEIGHTING OF FUTURE OBSOLESCENCE IN 


PROGRAM DESIGN AND FINANCING 


Any program of the scale necessary for at least 
150 million additional people and needed for the 
higher level of living of the entire 330 to 380 mil- 
lion population projected for the year 2000 raises 
a serious question of obsolescence. This has not 
been a question of any past prominence because 
the Nation’s development program has attained 
substantial size only within the last two decades. 
Furthermore, legacies of obsolescent facilities thus 
far have been small. However, if efficiency is 
sought for future development, the possibility of 
obsolescence must be considered in policy forma- 
tion. There are three reasons for such considera- 
tion: (a) The vast size of the capital investment 
required in the remainder of this century can make 
the assumption of long service lives for facilities 
costly errors of judgment, in their total sum; 
(6) the rapidly increasing rate of technological 
progress which is indicated (see sec. II) greatly 
increases the risks of obsolescence by comparison 
to anything which the Nation has experienced 
hitherto; (c) in spite of these facts, in some 
quarters there has been an increasing tendency to 
press for the assumption of increasing length of 


% See Electrical World, “Interconnected Systems Link 85 Percent of 
U.S, Capacity,”’ vol. 152, No. 19, Nov. 9, 1959, pp. 54-55, for an account of 
present interconnections and pools. 





life in benefit-cost evaluations of water facilities, 
or in drafting of amortization schedules for them. 

This question deserves deeper and more detailed 
exploration than can be given in this report. 
However, the nature of the questions involved 
may be generally indicated in a few comments. 

Facilities used for a stream regulation, and for 
the production of water or water-derived services 
like hydroelectric power, obviously have different 
service lives, and different risks of obsolescence 
within a given period. Land used for a site and 
any vegetative cover protecting or enhancing site 
attributes may be assumed to have an indefinite 
service life. Dams or other detention works for 
storage may be assumed to have a relatively long 
physical life where they receive only nonturbid 
water. In actual practice, however, sediment 
deposition does limit the assumed useful life of 
most reservoirs. A period of at least 100 years is 
not uncommon among major dam and reservoir 
works and some may have considerably longer 
lives. Risk of obsolescence within the periods 
here set for policy review, 1960-2000, therefore is 
very low for detention works. It is clear that 
technology still is capable of affecting construc- 
tion costs of major works. Construction very far 
in advance of requirements therefore may not be 
prudent policy. At the same time, assumptions 
as to the service life of facilities that are con- 
structed can be considered reasonably stable. 

Although they form a less important part of 
total costs on an incremental basis, the remaining 
facilities associated with water development, like 
turbines, generators, control gates, etc., have much 
higher risks of obsolescence. It is reasonable to 
expect that the accelerating rate of scientific and 
technological effort will bring higher and higher 
probabilities of influential changes in costs of 
producing energy, manner of agricultural pro- 
duction, costs of transportation, and other facilities 
related to the final use of the water. The assump- 
tion of a service life of any great length for many 
facilities directly connected with the final use of 
water therefore seems unrealistic. 

This problem may be summarized in this way. 
For the major regulation works risks of techno- 
logical obsolescence are relatively slight and serv- 
ice lives can be accurately determined. On the 
other hand, the risk of obsolescence from the 
effects of technical improvement is high for many 
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works immediately associated with production, 
like irrigation distribution works, and electric 
energy generation facilities. This fact is of 
significance in the calculation of rates of return 
from vendible services and the confidence which 
can be placed in exact schedules of repayment. 
Many of them probably should be rated as having 
a high risk of obsolescence beyond a period some- 
where between 25 and 40 years, depending on the 
type of facility. 

The risks of technological obsolescence also sug- 
gest the desirability of incorporating a high degree 
of flexibility into physical design. It is entirely 
possible that system flexibility or adaptability to 
all reasonable uses, should be a positive criterion 
for design. That is, an adaptable system with 
fewer immediately foreseeable net benefits would 
be preferable to a rigid system with more immedi- 
ately foreseeable net benefits. Under such a policy 
multiple-purpose units, particularly dams and 
storage reservoirs, would be designed for adapt- 
ability to all reasonably expectable uses. Further- 
more, large capital investments for single purposes 
would be built only as needed, and amortized on 
the basis of realistic service life expectancy. 


COORDINATION OF FEDERAL OPERATIONS WITH 
THOSE OF OTHER PUBLIC OR PRIVATE AGENCIES 
HAVING IMPINGING AREAS OF INTEREST 


Any situation like that of the United States at 
present and in the immediate past foreordains 
problems of administrative coordination. The 
large river basins divided among several or more 
State jurisdictions in a Federal system, the division 
of entrepreneurship between public and private 
agencies and among public agencies of different 
types, and the growing opportunities for exploita- 
tion of scale economies have created complex 
problems of coordination which have not yet been 
solved fully. With increasing needs for efficiency 
in the future, the attractiveness of the scale econo- 
mies and more complex methods of development 
are likely to aggravate coordination problems as 
among Federal, State, municipal, and private 
agencies. The existence of more than a hundred 
interested agencies within a single river basin of 
modest size, as noted above for the Delaware,® 


eV—-— 

“Walter Phillips, ‘Administrative Aspects of Delaware River Basin 
Water Resource Planning and Development,” address before the American 
Society for Public Administration, Jan. 29, 1957. 
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gives some indication of the possible extent of 
these problems. 

There are two types of these problems. One 
might be described as vertical coordination (or 
integration), and it concerns the relations of the 
organizations responsible for activities at different 
levels between planning and final distribution of 
services. The necessary coordination between a 
Federal agency building and operating a storage 
project and an irrigation district is an example. 
Another example of this type is the coordination 
required between an electricity generating agency, 
or company, and electricity distribution coopera- 
tives, municipalities, or companies. In general, it 
may be said that problems of this type have been 
met satisfactorily from a technical point of view, 
even though they may not have been satisfactorily 
treated from the point of view of all special 
interest objectives.” 

The second type of problem may be described 
as one of horizontal coordination (or integration). 
This is the problem presented in divided geo- 
graphical jurisdiction of agencies, Federal and 
non-Federal. It is the most knotty problem of the 
future, if the economies of scale are to be fully 
taken advantage of. It is the one in which there 
are many unsolved local and regional difficulties 
which are likely to be intensified in the future as 
the pressure for efficient development increases. 
Typical problems of the past were represented in 
the opportunities which existed for integrated 
multiple-purpose development and water control 
in the Tennessee, Missouri, and Columbia River 
Basins. Properly unified or coordinated operation 
offered very substantial economies of scale in all 
three instances. On the Tennessee the problem 
was met by assigning most development and water 
management functions to a single regional agency, 
the Tennessee Valley Authority; on the two other 
rivers an answer was found in close coordination 
among the agencies operating on a national basis, 
the Corps of Engineers, the Department of the 
Interior, and the Department of Agriculture, with 
the cooperation of some State, local, public, and 
private agencies. In all cases economies of scale 
were certainly achieved. For one important de- 
velopment of the future, the California State 
water plan, a single State has been in the position 


# Full satisfaction of all special interest objectives is in most cases a prac- 
tical impossibility. 


of providing leadership for taking advantage of 
economies of scale while at the same time answer- 
ing a political problem of mounting regional 
requirements. 

The successes of the past as well as the clearly 
indicated problems of the future suggest this as a 
most important point for policy review. Three 
aspects of this type of problem may be of special 
interest in the future. One is assurance that the 
economies of scale realizable through coordinated 
or integrated multiple-purpose development will 
in fact be realized in future water control opera- 
tions on all streams where they are of significance. 
A second problem is assurance that the benefits 
from economies of scale may be available within all 
parts of the country where they are reasonably 
attainable. For example, should public encourage- 
ment be provided which will stimulate private 
electric utilities to take advantage of economies of 
scale which might benefit the residents and 
industries in their service areas? Moves toward 
efficiency based upon a hydraulic system lose a 
good part of their effectiveness if the benefits 


cannot be passed on to the ultimate consumers, 
whatever the reason. 
A third aspect worthy of policy consideration is 


assurance that locally initiated development 
serves the cause of efficiency over the long run. 
For example, extensive development of ground- 
water deposits on the high plains, particularly in 
Texas, has been very profitable on the basis of 
mining the aquifers. This has been done entirely 
under the entrepreneurship of private farm 
operators and local districts. Continuation of the 
present practices of exploitation may be entirely 
justified. On the other hand, the end of economi- 
cally mined water at some future date may create 
problems of rehabilitation or supplementary 
development which heavily involve future Federal 
participation. Hence, study is needed to deter- 
mine whether or not the present pattern of 
development is the most efficient over the long 
run, considering both private investment and 
probable needed public investment in such water 
facilities. 


eee eee 


VI. Furure CompreHENSIVE D&VELOPMENT AND RELATED SPECIAL PROBLEMS 


The general problems which have been outlined 
above clearly indicate that a situation will be 
reached at some time within this century where 
water requirements will cause the nation to go 
beyond traditional approaches to water develop- 
ment, including those of integrated multiple- 
purpose development as now practiced. The 
evolution of a new type of development already 
is foreshadowed by present interest in means of 
making water available which are not commonly 
included in the planning procedures of the exist- 
ing development agencies. These already have 
been reviewed in section III of this report. For 
a new type of approach which will include these 
techniques as a routine part of planning, the term 
“comprehensive development”’ here is suggested. 

The term comprehensive development fre- 
quently has been applied to our planning, con- 
struction, and operational management of water 
facilities in the past. As we now understand the 
techniques of water development, we have not 
yet achieved such a state of organization at any 
time. By comprehensive development we mean 


not only the application of integrated multiple- 
purpose design, but also planning and manage- 


ment which include the joint consideration of 
ground and surface waters, conservational and 
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other measures for ‘‘engineering’’ of demand, and [ 
the treatment and management of waters having [| 


substandard quality. 


appropriate technique would be a routine part of | 


planning for such development. It is the thesis of | 
the remainder of this report that comprehensive [ 


development will be achieved by the United States 


as standard practice at some time during the | 
remainder of this century. It is believed that its | 


application, understood in these terms, will be | 


mandatory at least in the southwestern nine | 


States, and probably also in the northeastern- | 


midwestern urban zone. 


The relative value or / 


probable need for considering the different tech- [ 


niques which were included within this definition | 


of comprehensive development is set forth in 


table 8, by river basin. The probable appropriate- | 


ness of applying most techniques to all of the 
southwestern basins can be clearly seen. If the 
techniques centered primarily on rural land use 
(forest and range management and water conserv- 


ing agronomy) are disregarded, the somewhat less 
urgent but still indicative situation of the mid-J 
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western-northeastern urban zone also can be 
seen. The values also appear for both the South- 
eastern and Northwestern States, although the 
numbers of people affected in both instances are 
considerably less than those for the other two 
regions. By applicability we mean the opportuni- 
ties for reaping further benefits within a given 
basin, assuming in some cases perfection of a 
technique now under experiment or pilot plant 
investigation. (Basins mentioned on table shown 
in fig. 10.) 
THE RELATED PROBLEMS 


If comprehensive water development (as here 
defined) is accepted as a necessary part of future 
national procedure, present practice and policy 
have some inadequacies. A few of these inade- 
quacies have been noted as past problems, and 
their outlines well defined in water policy com- 
mentary; their importance, however, becomes 
greatly enhanced if the need for comprehensive 
development is accepted, and the large scale of 
future water requirements is realized. 

Six further problems are therefore presented for 


policy consideration, in case comprehensive de- 
velopment is considered by the committee to be 
desirable future practice. They are: (a) the 
preservation of reservoir and dam sites; (b) 
fundamental research in related scientific disci- 
plines; (c) collection and interpretation of basic 
data; (d) experiment with innovations in develop- 
ment procedures; (¢) means of evaluating progress 
and reviewing experience; and (f) the choice of 
Federal functions. 


Preservation of reservoir and dam sites 

Although technology has increased the range of 
sites which are physically and engineeringly 
feasible for economical water storage, such sites 
still are limited in number. Many of them 
already are identified. If the premise of this 
report is accepted—the need to plan now for 
ultimate full regulation * of all major streams— 
then protection or reservation of remaining sites 
seems prudent. If efficiency is sought in future 
development, sites need protection against any 
new encumbrance by other uses, and against new 


& See sec. VII 2 for a definition of ‘full regulation.” 





Fiagure 10.—Water resource regions corresponding to the four sectional groupings of States. 
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water-control structures that detract from of 
interfere with economies of scale in basin 
development. 

Encumbrance by other uses has most visibly 
grown in the northeastern-midwestern urban area, 
where stream valleys have been corridors for easy 
communication, and also have been attractive for 
residential, commercial, and industrial land use. 
Once established, such uses may become im- 
possibly expensive to relocate when reservoir use 
of the site may be badly needed. A number of 
basins, but still a minority, have become seriously 
handicapped for development by such encum- 
brance. The Ohio Valley is probably our most 
affected in this respect, and the Connecticut and 
Merrimack are other examples. But the accel- 
erating pace of economic growth faces the Nation 
with the necessity of recognizing the problem, or 
paying dearly in the future for ignoring it. 

Another type of encumbrance, construction of 
inefficient water-control structures, has occurred 
sporadically, and can occur anywhere. Par- 
ticularly under an economic system like our own, 
conflicts in objectives may arise as to the way in 
which a site is to be used. The manner of 
development best suited to immediate local needs 
may forestall the achievement of substantial later 
benefits in basinwide development. This was the 
basic technical issue in the now famous Hells 
Canyon case on the Columbia River, where the 
immediate best interest of the Idaho Power Co. 
was not compatible with the national long run 
interest in economies of scale.** The contrast in 
benefit for the two forms of development on the 
Hells Canyon site was not extreme, but it did 
illustrate a situation in which large differences are 
possible. 

One form of encumbrance by inefficient struc- 
tures is the presence of obsolete works, designed 
with the technology and for the service needs of 
apast day. They are encountered on the streams 
in any of the longer-settled sections of the country. 
In the case of inefficiently used hydroelectric 
power sites which fall under Federal Power Com- 
mission jurisdiction, the Commission may and 
does require redevelopment as license renewals 
are sought. 

Some site protection has been attained through 
the Federal Water Power Acts of 1920 and 1935, 


"J. Krutilla and O. Eckstein, ‘“Multiple-Purpose River Basin Develop- 
ment,” Baltimore, 1958. See also Ackerman and L&f, op. cit., p. 475 ff. 























through the Flood Control Act of 1938 (and sub- 
sequent acts), and through past Federal construc- 
tion, which has been a real effort to obtain efficient 
site use. At the same time little administrative 
provision exists to forestall encumbrance of sites 
by other land uses, an important future problem. 
It is one of applying zoning, purchase, or other 
techniques of controlling land use to the preserva- 
tion of unique and good sites for future valuable 
use. Foresighted State highway programs, like 
that of California, now have policies of acquiring 
rights-of-way for future highways years in advance 
of construction, at great savings. A similar policy 
for valuable storage and damsites might be equally 
appropriate. 


Fundamental research in related scientific disciplines 


A large and highly significant effort toward 
extending and improving the quality of funda- 
mental research already exists under the super- 
vision and support of the Federal Government. 
The operating research staffs of the great depart- 
ments like Agriculture, Interior, or Health, Educa- 
tion, and Welfare, and the grant and contract 
programs of the National Science Foundation, the 
Department of Defense, and other agencies repre- 
sent an aggregation of scientific resources whose 
scope is known by few Americans. It is therefore 
assumed that the committee does not require proof 
or general argument in this day as to the absolute 
necessity of fundamental scientific research to the 
future health of the Nation. 


The question here is instead specialized. Does 
our present scientific effort contain the balance of 
disciplinary attention needed to assure rapid or 
even adequate progress in future comprehensive 
development? Or are we making adequate scien- 
tific preparation for water development to keep 
pace with the rapid technical and economic 
development of the future? A definite answer to 
these questions must await a detailed review of the 
actual situation, but the status of support and 
effort in several fields suggests the direction of 
possible program expansion. Additional attention 
to such subjects as cloud physics, the physics of 
terrestrial radiation, dynamic meteorology, the 
elements of prognostic hydrology, operations anal- 
ysis of hydraulic systems, the hydrology of aquifers, 

%= Federal policy and lack of detailed economic analysis may have pre- 
vented the attainment of optimum site use in some cases, as in the Missouri 


Basin, Nevertheless good use of sites has been and is a principle of Federal 
project planning. 






















plant genetics, plant physiology, the physical 
chemistry of water and water solutions, sedimenta- 
tion phenomena, and a few other fields warrants 
serious study in planning future comprehensive 
development. 


Collection and interpretation of basic data 

Fundamental research and basic data collection 
not infrequently have been confused in policy, 
plan, and program. Fundamental research ex- 
amines subjects of general scope, like the electrical 
properties of a raindrop. Basic data are those 
which describe actual events in the entire hydro- 
logic cycle as they are observed from place to 
place on, above, or beneath the earth’s surface. 
From fundamental research will come the leads 
toward improved techniques of comprehensive 
development; basic data are the immediate 
foundation for the actual planning of specific 
development programs, and for the operation 
of facilities, once they are constructed. 

The outlines of much of the basic data problem 
now are well defined, particularly in the excellent 
study by Hoyt and Langbein.” As these experts 
have observed, there are still serious regional 
and local deficiencies in both coverage and strat- 
egy of collection and interpretation. 

The importance of overcoming present defi- 
ciencies cannot be overstressed, for the demands 
of the future will be even more exacting. In- 
deed, as comprehensive development takes shape 
a number of new basic data problems will auto- 
matically appear. The more complex the sources 
of efficiency in development, the more dependent 
efficiency is on accurate basic data of adequate 
coverage. 

Stated in general terms, an adequate basic data 
policy in the future should prepare the ground for 
full realization of the economies of scale through 
integrated multiple-purpose regulation of streams; 
it should permit the drafting of efficient long-range 
plans of ground water exploitation; it should 
provide for projections of precipitation cycles; 
it should provide for adequate and foresighted 
monitoring of water quality (including turbidity) ; 
it should provide inventories of unused supplies; 
and it should anticipate the application of com- 
prehensive development, as defined in this report. 
It is not too much to expect that an accurate 


© W. Langbein and W. G. Hoyt, “Water Facts for the Nation’s Future,” 
Conservation Foundation, New York, 1959. 





water budget, or a usable model therefor, should 
be at hand eventually for every major basin 
and for all tributaries in the country. An im- 
portant obstacle at present is an understanding of 
the course of evapotranspiration and its measure- 
ment. 

All this must take account of expenditure, be- 
cause appropriations for this purpose will be 
limited. However, a budget increase over the 
present would bring gain to the basic data pro- 
gram. But the techniques of modern statistics 
and mathematical analysis also should be of much 
aid in taking steps toward the ends described 
above, within any reasonable budget. The im- 
portant beginning is the clarification of basic data 
objectives in policy statement. 


Experiment with innovations in development pro- 
cedure 

As a nerve center for stimulating research, as 
the principal “entrepreneur” for large-scale water 
control, and in several other vital roles, the 
Federal Government has a significant responsibility 
for timely experiment with innovations in tech- 
nique, in administrative organization, and other 
new departures which can improve the efficiency 
of development and management. Within their 
statutory responsibilities the executive branch 
agencies of course have experimented, and do 
experiment, with the application of new tech- 
niques which may improve their operations. As 
mechanical engineering in the country progresses— 
or plant breeding, or statistical design, or other 
technical fields—innovations are appraised within 
the agencies and applied where usable. The past 
use of the latest earthmoving equipment, pre- 
stressed concrete, computer analysis, etc., fur- 
nishes examples of the action taken within this 
framework. The effectiveness of the existing 
procedure for the statutory programs will not be 
reviewed here. Its accomplishments have been 
real, even if its responses at times have been very 
deliberate. 

The problems for the future in this area are of 
two sorts. The first is that of assuring forehanded 
conduct of pilot experiment in fields out of the 
traditional course of development. The Congress 
already has had some experience with this in the 
progress of the saline water conversion program. 
If the pattern of comprehensive development is 
accepted for the future, initiative will be needed 
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in some new fields, and technical decisions must 
be made as to the relative values of and priorities 
for experiment among these. Again, prospective 
appropriations must be considered limited for 
these purposes. In other words, a_ technically 
coordinated view of the components of compre- 
hensive development will be needed by the Con- 
gress. It is not now available. Some of the 
questions which may merit consideration later are 
experiment with operations analysis on an actual 
basin development, experiment with nuclear ex- 
plosives, experiment with new ground water ex- 
ploitation techniques, experiment with weather 
modification, sediment control, and other subjects 
ready for pilot study. (See table 4, last column.) 
Technical judgments will be needed to weigh the 
value of popular interest, and to move surely and 
efficiently in the future technologie environment. 

The second problem is that of experiment in ad- 
ministrative organization. Since the establish- 
ment of the TVA, there has been singularly little 
disposition to conduct experiments in this field. 
The interagency river basin committees and their 
related units have been the lone experiment of 
significance carried out in the twenty-seven years 
since 1933. Although it may be contended that 
this was enough experiment, the record is hardly 
one of imagination and disposition to examine 
alternatives. These qualities will be needed in 
the future, as the technical complexity of water 
development grows, and as competitive require- 
ments for water increase. Technologic change 
sooner or later demands administrative adjustment 
as the history of industrial companies, or of the 
Department of Defense, well illustrates. Effi- 
ciency in future water development is not likely 
to be attained without conscious provision for ex- 
periment in such adjustment. The suggestions 
made for such experiment in the Delaware River 
Basin furnish an interesting fresh approach.” 
The encouragement of other experiments elsewhere 
might well profit the Nation. 


Evaluating progress and reviewing experience 

The author has stated elsewhere that “the past 
can crystallize a mold unsuited to present or future 
if a vigorous policy of review is not followed.” 


Syracuse University Research Group, ‘‘The Problem of Water Resources 
Administration, With Special Reference to the Delaware River Basin,’’ 
& report submitted to the Water Research Foundation for the Delaware 
River Basin, 1959, 505 pages. 
® Ackerman and Lof, op. cit., p. 525. 


The complement of experimentation with innova- 
tion certainly is the feedback obtained by con- 
tinued technical review of programs. The recog- 
nition of anachronisms and obsolescent procedure 
may be much aided in this way. Most of the 
major Federal agencies responsible for water 
development and management do have provision 
for such intraagency review, as in the Engineer 
Inspector General of the Corps of Engineers, the 
Technical Review Staff, and the Division of Man- 
agement Research of the Department of the 
Interior, and other units. The adequacy of these 
activities is neither endorsed nor questioned here. 

On the other hand, the provision for what 
might be called superdepartmental review does 
merit critical examination. Aside from Congres- 
sional investigation, such review has been afforded 
in the past by temporary commissions,” by the 
Bureau of the Budget, and more recently by the 
Office of the Public Works Coordinator in the 
White House. The technical staffs of both the 
latter two agencies, while competent, have been 
small. In practice the Federal Government in 
recent years has tended to discharge this function 
mainly by assigning responsibility periodically 
to a temporary agency. The feedback connection 
to the operating programs thus has been a sporadic 
one. Continuance of the present review policy 
into a future pattern of comprehensive develop- 
ment would certainly leave inadequate coverage 
for one important step toward efficiency. Ex- 
panded provision for technical review of programs 
on an interdepartmental level certainly merits 
policy consideration in preparation for the exact- 
ing requirements of comprehensive development. 


The choice of Federal functions 

True comprehensive water development, which 
the future will require, is a far more complex plan- 
ning, entrepreneurial, and management task than 
anything yet undertaken within the United States. 
Furthermore, the rate of future development must 
be at a pace far in excess of any previous experi- 
ence, within a national technologic environment 
changing at a rate beyond anything previously 
known. Finally, development must be accom- 
plished within our Federal system of States, con- 
sidering also the place of private enterprise and 


63 E.g., First (1949) and Second (1955) Commission on the Organization of 
the Executive Branch, the President’s Water Resources Policy Commission 
(1950), the President’s Advisory Committee on Public Works (1956), and 
others. 























































myriad local jurisdictions. Indeed, some essential 
functions in development can be exercised only by 
State or local agencies, public and private. 

This is a situation in which technical leadership 
will be required as never before—not only leader- 
ship, but the means of reaching thousands of deci- 
sions in timely manner, with common consent. 
Considering the increasing burdens which may be 
expected to fall on the Congress from other quar- 
ters, and the responsibility that rests on the Con- 
gress for many water development decisions, choice 
of Federal functions becomes a pertinent question 
for policy review. At one extreme the national 
organization may be geared to decide upon all 
but a few steps in development; at the other it 
could assume only a few constitutionally unavoid- 
able responsibilities. The latter course clearly 
would provide no source of leadership, and appears 
already to have been discarded by the Congress 
in all post-1933 policy. The accretion of all pos- 
sible functions under the Federal tent also has its 
dangers; it is possible to lose the essential qualities 
and conditions of progressive leadership in the 
midst of pressure for decisions on everything. The 
exercise of too many responsibilities by the Fed- 
eral Establishment may be just as discouraging to 
efficient development as too few. This problem, 
then, may be stated thus: what functions in de- 
velopment must the Federal Government perform 
in order to meet the exacting technical and eco- 
nomic requirements of efficient national water 
development between 1960 and 2000? 

Knowledge of a few background conditions may 
be helpful in reaching an answer to this question. 

(a) Where multistate cooperative action in the 
past has been the only alternative to Federal re- 
sponsibility, Federal action clearly has been less 
cumbersome, more responsive, and more efficient. 
Basinwide stream regulation for much of the coun- 
try must depend on one of the two approaches. 

(6) Because of the high degree of specialization 





required, leadership for and coordination of re- 
search, pilot-plant experiment, and other technical 
activities can be efficiently discharged by the 
Federal Establishment. Strategic private re- 
search and experiment also can be effectively 
stimulated by Federal encouragement. 

(c) The most careful decisions about establish- 
ing facilities for direct local use of water services, 
like irrigation or electricity, are made where local 
bodies assume a major part of financial responsi- 
bility for the enterprise. The future risks of 
obsolescence on one hand, and the multiplication 
of local pressures for development on the other, 
together create a situation in which careful de- 
cisions on direct use will be financially important 
to the nation. 

(d) The legal regulation of direct use, or alloca- 
tion, of water and water services rests primarily 
with State jurisdictions. Federal activities have 
generated a gradually growing uncertainty and 
uneasiness about the water management pattern 
of the future within these jurisdictions, particu- 
larly in the Western States of prior appropriation 
law. Reaffirmation of state control of water allo- 
cation in particular is sought.” 

The above are only illustrative of the factors to 
be considered in answering the question as to 
essential future Federal water development func- 
tions. Other important factors must also be 
entered, like the anticipated work load of con- 
gressional committees as related to the physical 
limits of committee members’ capacities for re- 
view. These points, however, do suggest that not 
only the extent of Federal participation in future 
development should be reviewed, but also the type 
of function. It is highly probable that choice of 
function will have an important bearing on future 
efficiency. 

" (Gee calnet cumantttes hearings transcripts, Boise, Idaho, October 13; 


Denver, Colo., November 20; Albuquerque, N. Mex., November 23; and Salt 
Lake City, Utah, November 24, 1959. 





VII. Suaeestions ror A Poticy Encouragine Future DEVELOPMENT EFFICIENCY 


Recognizing the national water requirements 
which must be met between 1960-2000, Federal 
leadership toward efficient development and use is 
vital. That leadership will be most effective if it 
is conducted so as to: (a) provide basic sources 
of water and water services in advance of actual 
needs; (6) plan and develop in a manner which 





takes advantage of scale economies; (c) promote 
an alert and imaginative pattern of experiment 
with technical innovation; (d) provide alert and 
flexible administrative responses to technical op- 
portunities, with openings for administrative ex- 
periment as needed; and (¢) concentrate on stra- 
tegic functions, with Federal decisions on the 
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potentially myriad local facilities and activities 
kept to the feasible minimum. 

The following suggestions for a Federal Govern- 
ment policy directed toward these ends are 
submitted. 


1. ESTABLISH A NATIONAL PROCEDURE OF COM- 
PREHENSIVE DEVELOPMENT 


Establish comprehensive development, along 
the general lines herein defined, as the procedural 
pattern for future Federal action in water resource 
development. 

It would be recognized that the full range of 
techniques composing such a pattern is not im- 
mediately applicable to a majority of the coun- 
try’s river basins. However, policy should now 
reflect the fact that during this century water 
management will have to be viewed publicly as a 
much more highly organized procedure than it 
now is. 

Comprehensive development is immediately 
applicable to the nine Southwestern States, and 
can offer valuable planning aids in meeting the 
problems of the northeastern-midwestern urban 
zone, the Southeast, and the Northwestern States. 


2. COMPLETE BASIC WATER CONTROL SYSTEMS 


Make the creation or completion of integrated 
basinwide water regulation systems a primary 
objective of Federal activity on all streams where 
physical conditions and the legally determined 
Federal interest make such regulation appropriate. 

This policy would have the premise that full 
regulation of nearly all the Nation’s streams is 
inescapable over the long run, and that substantial 
progress toward this end will have to be made 
during this century. Whatever the ultimate uses 
of water, regulation will be required, and a basic 
system can be adapted to serve most purposes. 

Plans for a stream regulation program, of course, 
cannot separate regulation entirely from the 
purposes it serves. However, we previously have 
thought of our stream development programs first 
in terms of purposes—irrigation, navigation, 
etc.—regulation being designed to suit these pur- 
poses. It is now suggested that the future war- 
rants some change in this procedure. We may 
now do best to begin our planning in terms of 
progress toward full regulation, making it the 
basic Federal program. 


This course is suggested in the belief that a basic 
water control system in each basin is at least as 
important a part of the national productive plant 
as the National System of Defense and Interstate 
Highways. This highway system has been de- 
signed without knowing exactly what ends it will 
serve. It has sufficed that a given volume of 
traffic between given terminals be anticipated. 
The evolution of future activities and land use at 
terminals and interchanges is a matter which 
cannot be charted accurately as yet. Neverthe- 
less, the basic need of the expressway system 
generally is accepted and construction is underway. 
The basic water control system may be justified 
with equal merit. The Nation should be ready 
to provide the water in a flexible system of regula- 
tion, even though we cannot forecast the exact 
future end use. Although the analog to the 
expressway can be overdrawn, we should plan 
for an interstate system of water regulation. 

By full regulation we mean the construction of 

surface and subsurface storage facilities for periodi- 
cally and seasonally fluctuating runoff, so as to 
provide within a given basin the maximum feasible 
amount of water releasable on a stable annual 
basis, on demand.® . 
Because they are so often based on stream chan- 
nels, navigation channels should be considered a 
part of such regulation. Hydroelectric power 
generating facilities at storage dams also are a 
part, for similar reasons. 

Commitment to a program of progress toward 
full regulation again is of particular immediate 
importance for the West, where another serious 
drought is very likely to occur during the re- 
mainder of the century. Such progress, however, 
can be strategic to the development of every 
region if construction is carefully geared to antici- 
pate economic growth prospects, but planning is 
undertaken with the complete basin system in 
view. It can be the best means of assuring that 

*: Theoretically defined, full regulation would be that where regulated flow 
is equal to the mean natural flow of an indefinitely long period. Regulation 
would be defined as “the amount of water that is stored or released from stor- 
agein * * * a year.” (Langbein, op. cit.,p.1.) Actual regulation can never 
reach such a point because there are no methods of calculating such a mean, 
and the means of even very long periods may vary from one period to the next. 
(Leopold, “Water Yield and Reservoir Storage in the United States,” Geo- 
logical Survey Circular 410, p. 14.) Practical limits to full regulation also 
are set by evaporation and other storage losses. In practice full regulation as 
defined above may be approached where usable storage capacity is equal to 
about 2.5 to 4 years cumulative flow. (Langbein, op. cit.,p. 4.) In practice 
also economic limits to storage will undoubtedly be reached before physical 


full regulation is attained because the last increments of stcrage will be ex- 
tremely expensive. Hence the inclusion of “feasible” in the text definition. 





economies of scale are taken advantage of in water 
development. 


38. SIMPLIFY THE FEDERAL PROGRAM CONCERNED 
WITH DIRECT USE 


If a nationwide program of full regulation of 
streams is accepted as a basic point in Federal 
policy, a question follows as to how far beyond 
the construction of basic water contro] systems the 
Federal Government should go in actual construc- 
tion. Clues may be sought in the shortcomings of 
present policy if it is continued into the future. 
Present policy includes Federal construction of 
storage works, navigation channels, and the hydro- 
generating facilities which are part of a basic 
regulation system. It also includes entrepreneur- 
ship for and construction of large- and medium- 
sized irrigation distribution systems, local flood 
prevention and drainage works, grants for water 
quality improvement, and the maintenance of 
certain fish and wildlife services. If consistency 
prevails, almost certainly Congress must decide in 
the future on Federal entrepreneurship for primary 
water delivery systems to industrial and urban 
areas, and water recreation facilities. Such entre- 
preneurship could be construed as a logical exten- 
sion of present policy. 

The following shortcomings of such a policy, 
as extended or as it is, may be listed. 

(a) It makes the Federal program a confusing 
(and at times contradictory) mass of detail, in 
which the important objective of establishing 
basic systems of water control is obscured by a 
number of local direct-use projects, economically 
tied to the basic regulation works. In the more 
rapidly moving, more complicated technical and 
economic environment of the future the confusion 
can become compounded, and true popular under- 
standing of a regulation program can become 
impossible. 

(6) It concentrates many more entrepreneurial 
decisions on the Federal establishment than 
necessary. 

(c) It removes many decisions on financial 
feasibility from the places where they will be made 
most carefully—that is, in the project locality or 
region. Hence it increases the risk of losses from 
obsolescenee. 

(d) Federal procedure has always had difficulty 
in adapting to small project entrepreneurship. 


In addition, as previously noted, Federal procedure 
has had difficulty with planning multipurpose use 
in some tributary basins. 

(e) It continues to confuse and obscure the 
spheres of natural interest and responsibility on 
the part of Federal Government on one hand, 
and States, municipalities, and other local bodies 


on the other hand. If there is concern and mis- 
understanding already within the States on this 
score, it will be intensified in the future. Many 
of the actions which comprehensive development 
ultimately will depend on are clearly non-Federal 
responsibilities, starting with water allocation. 

The above shortcomings may be at least partly 
avoided, and development efficiency served, if the 
Federal Government clearly distinguishes direct- 
use projects as primarily for the entrepreneurship 
of States, municipalities, local public bodies, and 
private enterprise. Included among such works 
would be all irrigation pumping and water dis- 
tribution facilities, local flood prevention and 
drainage, water quality improvement facilities, 
water distribution to municipalities, rural water 
districts, and industrial districts, single-purpose 
hydroelectric powerplants,” and water recreation 
facilities. 

This does not necessarily mean the withdrawal 
of Federal or congressional interest, should there 
be social or other reasons for stimulating develop- 
ment of direct-use projects, as in the past. For 
example, Congress might decide that the national 
interest demanded immediate creation of more 
family farms, and that new irrigation was a 
means of accomplishing this. Or it might see the 
need for extending domestic water system coverage 
into rural residential areas. Could the national 
interest be so served, and the responsibility be 
discharged with this policy? 

A second question—would worthy local projects 
be retarded for lack of financing? This has been 
a major reason for past Federal entrepreneurship, 
particularly for irrigation and flood control. 

Both questions may be answered satisfactorily 
through Federal grant and loan participation, 
even as pollution control is being met now in this 
way. It is suggested that a development loan 
fund to provide low interest loans could be a 

66 The author recognizes that hydroelectric generating facilities at multiple- 
purpose storage dams are “‘ direct-use’’ projects; these and navigation channels 


are the chief exceptions to the policy principle, suggested above in that they 
are clearly appropriate for Federal entrepreneurship. 
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central instrument in such a policy. The practi- 
cality of such an instrument has been well proven 
by the Rural Electrification loans, and other 
experience. Where social or other objectives are 
determined by the Congress not to be adequately 
served by low interest loans, grants-in-aid are a 
supplementary instrument which can be used 
effectively to obtain action. Thus the national 
interest can be expressed and safeguarded even if 
entrepreneurship for direct-use projects is, by 
policy, primarily non-Federal. 


4. DEVELOP STRATEGY FOR THE GROWTH AND 
APPLICATION OF TECHNICAL IMPROVEMENT 


Recognize that the quality, amount, and direc- 
tion of fundamental scientific research fh certain 
fields (e.g., cloud physics, prognostic hydrology, 
sedimentation, etc.) are vital to the progress of 
water development techniques, and that con- 
tinuous attention profitably can be paid to the 
strategy of Federal encouragement or support of 
such research. Recognize further that there also 
can be a strategy to experiment with the applica- 
tion of innovations within all of the comprehensive 
development techniques. The objectives would 
be the recognition of “growing points” in the 
advance of science and technology, and their 
application to water development. Finally, recog- 
nize that proven technical innovation in the future 
will open opportunity for, and perhaps even 
require, experiment in administrative management 
of water supply, in cooperation with the States and 
other bodies. 


5. MODERNIZE AND EXPAND BASIC DATA COLLECTION 
AND INTERPRETATION ® 


Recognize the need for modernizing and ex- 
panding basic data collection in a manner which 
will serve adequately the future requirements of 
comprehensive development. 


6. PROTECT ESSENTIAL STORAGE AND DAM SITES ” 


Establish the means for protecting from en- 
cumbrance, storage, dam, and other sites for 
future works which are adjudged to be essential 
to full regulation of interstate streams, or adjudged 
otherwise necessary to a program of comprehensive 





® See sec, VI, pp. 43-44, for background discussion. 
% See sec, VI, pp. 43-44, for background discussion. 
See sec, VI, pp. 42-43, for background discussion. 



































development. Establish at the same time means 
for making such sites available for timely use. 


7. RECOGNIZE THE INFLUENCE OF FUTURE URBAN 
REQUIREMENTS ” 


Recognize the future dominant importance of 
meeting urban and industrial requirements in 
planning the progress of the national water devel- 
opment program. Encourage among all Federal 
agencies administrative adjustments which will 
promote a sensitivity to urban problems in 
program and project planning, including those of 
dispersed residence and industry. Particular at- 
tention should be paid to the further development 
of navigation in the northeastern-midwestern 
urban zone. 


8. RECOGNIZE THE OPPORTUNITY FOR RELATED 
ECONOMIES OF SCALE ”! 


Recognize that there is substantial opportunity 
for further consumer benefit through economies 
of scale in services related to water, particularly 
in electricity generation and distribution. En- 
courage a legal and economic environment which 
will favor response to these opportunities by all 
responsible entrepreneurs, public and private. 


POLICY IMPLEMENTATION 


Means of implementation are important factors 
in decisions upon the feasibility of any policy. 
The opportunity for building upon existing ad- 
ministrative and legal structure, the risk of dis- 
ruptive loss in time and purpose, the likely avail- 
ability of new specialized personnel and facilities— 
these and other similar factors must be weighed 
in judging a policy departure. The elements of 
policy suggested above may be divided into two 
groups: (a) those which can be implemented 
readily within the existing legal and administra- 
tive structure, wholly or in large part; and (5) 
those which best can be implemented deliberately 
over a period of years, as determined through ac- 
companying special study. It is thought that 
both could be carried out within the existing 
structure, or by building upon it. Should it be the 
will of Congress, all policy change can be carried 
out gradually enough to be easily assimilated 
within the present administrative pattern. 


70 Background discussions, pp. 1-4"and app. 1. 
71 Background discussions, pp. 35-36 and app. 9. 


Policy elements which could be implemented readily 

The following suggested points of policy could be 
implemented readily, and in the manner indicated. 

(1) Planning and construction of basic water 
control systems.—(a) Instructions to existing con- 
struction agencies, by congressional resolution or 
otherwise; (6) appropriation of funds for planning 
as needed; and (c) program authorization and 
appropriations for construction in the usual 
manner. 

(2) Basic data collection and interpretation.— 
(a) Instructions to existing data collection agen- 
cies, like the Geological Survey, the Weather 
Bureau, and others; and (b) appropriations to 
support experiment and expanded coverage. 

(3) Protection, *of essential storage and dam 
sites.—(a) Instructions to the Interagency Com- 
mittee on Water Resources, with supplementary 
instructions for cooperative support by the par- 
ticipating statutory agencies; (6) authorization of 
needed negotiation by the ICWR or its agency 
representative with State or other governmental 
jurisdiction; (c) appropriation of a fund to be used 
for site protection or reservation purposes; and 
(d) any needed legislative action for protection 
or reservation. For example, legislative sanction 
may be needed for the ICWR, in addition to the 
existing executive sanction. 

(4) Recognition of the influence of future urban 
requirements.—Instructions to existing Federal 
agencies with statutory responsibilities for plan- 
ning water development and management pro- 
grams. They would include the Corps of En- 
gineers, the Department of the Interior, the Soil 
Conservation Service, the Forest Service, and 
others. 


Policy elements best implemented deliberately 

The remaining four suggested points of policy 
will require careful and specialized study, and 
evolution over time in the light of that study. 
These are the establishment of comprehensive 
development, simplifying the Federal program 
concerned with direct water use, a strategy for 
technical improvement, and encouraging the em- 
ployment of related economies of scale. The 
following first steps toward implementation of 
these elements might be considered: 

(1) Appointment of a small professional ad- 
visory staff of limited but adequately long tenure 
under the joint sponsorship of the Senate (or 


Senate and House) Committees of Public Works, 
Commerce, Agriculture, and Interior, with direc- 
tives to: (a) study thoroughly the techniques of 
comprehensive development, with view toward 
Federal leadership in establishing a pattern of 
comprehensive water development as standard 
future procedure; (6) recommend strategic tech- 
nical, administrative, legislative, negotiative, and 
other action necessary to establish comprehensive 
development procedure; (c) recommend the tim- 
ing, direction, and extent of support for funda- 
mental scientific research which the Federal Gov- 
ernment should encourage so as to promote effi- 
cient water development; (d) recommend the 
methods and instruments of permanent technical 
coordination and review of Federal-State-local 
operations in comprehensive development; (e) 
prepare for needed joint deliberations by the 
Senate (or Senate and House) committees on the 
above subjects; (f) recommend procedure for cre- 
ating the regional water development study com- 
missions suggested in (4) below. 

(2) Request the President establish a small 
temporary advisory staff in the executive branch, 
to cooperate with the congressional advisory staff 
as needed, in carrying out the responsibilities sug- 
gested in (1) above. 

(3) Request the President, after executive 
branch study of the simplification of Federal par- 
ticipation in direct-use water projects, to recom- 
mend to the Congress: (a) procedures for Federal- 
State-local coordination in subsequent develop- 
ment; and (6) the means of expressing the national 
interest in such works, as appropriate. 

(4) Request the President for executive branch 
study of the national opportunities for taking 
further advantage of economies of scale in electric 
power generation and distribution, and other 
water-related services. The study might be 
conducted in consultation with the Department of 
the Interior, the Securities and Exchange Com- 
mission, the Attorney General, the Federal Power 
Commission, the Tennessee Valley Authority, 
representatives of the Nation’s private utilities 
and such other agencies as may be deemed ap- 
propriate by the President. Recommendations 


would be made to the Congress for future Federal 
action which could promote such economies, and 
comment would be made on the opportunities 
open to other levels of jurisdiction in these fields. 

(5) Creation of two regional water development } 
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study commissions of temporary tenure, one for 
the nine Southwestern States, and the other for 
the States of the northeastern-midwestern urban 
area, with these responsibilities: (a) study of the 
possibilities of applying compreliensive develop- 
ment techniques within each region; (6) design of 
experimental programs for applying comprehensive 
development with recommendation for Federal 
participation in such experiment. 

The timing of the creation and tenure of these 
commissions would be a subject for recommenda- 
tion by the joint congressional committees’ 
advisory staff on comprehensive development, as 
noted in (1)(f) above. 

Value of the regional water development study 
commissions.—Whether or not the elements of 
policy suggested above are accepted and imple- 
mented, it is believed that official study of the 
water development problems and possible Federal 
program responses in the southwestern region and 
in the northeastern-midwestern regions can pro- 
vide extremely valuable background data for 
future Federal planning and project authoriza- 
tions. These two great regions, as noted earlier, 
will provide the tests for success on any policy, 
including a continuation of the old policies. 
Although there are many variations within each 
of these regions, in each case they exhibit enough 
similarity in basic planning problems so that 
overall study can provide profitable clues in 
judging future national interest. 


POSSIBLE NATIONAL BENEFITS FROM SOME POLICY 
CHANGES 


The policy suggestions presented above have 
been offered in the belief that they have the 
following attributes: 

(1) They will enable substantial gains in 
efficiency for national water development. They 
should be a vigorous beginning toward providing 
the optimum combination of employment, income 
level, and public services derivable from the water 
made available in the several States by the levels 
of total expenditure chosen by the public through 
its representatives. 

(2) They will enable the Nation to make fuller 
use of its scientific and technical resources in 
future water development. 


(3) They will permit a higher degree of flexi- 
bility in programing than present policy, thus 
affording more timely adjustment to the rapidly 
moving technical environment of the future. 

(4) They can meet at least several of the 
important general development problems which 
were identified in this report. 

(5) They can simplify the burden of delibera- 
tion and decision on the part of Congress, while 
offering at the same time strategic means of pro- 
moting and directing development in the national 
interest. 

(6) They suggest gradual future evolution of 
program within the existing administrative struc- 
ture, rather than disrupting major changes of 
administrative responsibility. 

(7) They provide an opportunity for a more 
clear division of activities between Federal and 
non-Federal jurisdictions and agencies. 

In addition to domestic benefits, the possible 
influence of domestic technology upon foreign 
policy must also be considered. 

As long as the United States is concerned with 
economic development in foreign countries, tech- 
niques of meeting water requirements can be 
important instruments of policy. It is safe to say 
that the development of water resources is a 
strategic item in nearly every country possessing 
undeveloped resources and ambitions to obtain a 
higher level of living for its citizens. 

The United States thus far has been in a pre- 
eminent position to use its water development 
techniques as an instrument of foreign economic 
policy, because of its technical advancement, its 
capacity to underwrite the needed investments, 
its varied past experience in the field, and the 
preoccupation of other foreign powers with their 
domestic requirements. The widespread foreign 
interest in the Tennessee Valley Authority, and 
the far-ranging activities of Federal agencies and 
American private consulting firms, have illustrated 
this Nation’s favored position. 

It would appear that the United States no 
longer occupies the same position of technical 
preeminence, considering the moves of the Soviet 
Union toward technical assistance,” their very 
boldly conceived interbasin multiple-purpose 


7 As in the case of the Aswan Dam, Egypt. 















plans,” and their vast technical and engineering 
training programs. The observations made dur- 
ing the 1959 Senate field investigation of Soviet 
water development,” and other evidence in the 
press and technical journals, suggest the appear- 
ance of strong Soviet capacity to use water devel- 
opment as an instrument of foreign policy. Their 
technique is massive, spectacular, and eye-catch- 
ing, but we are not yet certain of its versatility. 

% E.g., the Davydov plan for reversal of the Ob, Irtysh, and Yenisei 
Rivers, including the irrigation of 50 million acres in Turkestan, and other 
benefits; see A. Lebeda and B. Yakovlev, “Soviet Waterways,’”’ Munich, 
1956, pp. 101-107. Also the great interbasin development embracing the 
Volga, Don, Kama, Pechora, Northern Dvina, and other rivers of European 
U.S.8.R.; see V. V. Zvonkov, “Integrated Water Resources Development 
in the River Basins of the U.S.S.R.,""° Moscow, 1957. 

% 86th Cong., Ist sess., Relative Water and Power Resource Development 


in the U.S.8.R. and the U.S.A., report and staff studies to the Committees 
on Interior and Insular Affairs and Public Works, U.S. Senate, Washington, 


Jan. 4, 1960, 174 pages. 





If the openings to apply our technology abroad 
concern the Congress, the means of creating a still 
more advanced technique in this country may be 
examined with profit. The better the scientific 
basis of this technique, and the broader the United 
States domestic experience with it, the more suc- 
cessful application abroad will be. It is believed 
that the policy suggestions offered herein may 
contribute to the evolution of an efficient and 
highly flexible technique of water development, 
applicable to a wide variety of foreign environ- 
ments, as well as to our own. If so, it may be 
attractive to those who are politically responsible 
for foreign economic development. Here is an 
opportunity for the Nation to demonstrate its 
alertness to efficiency and advanced technique in 
a basic public enterprise of peaceful intent. 
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APPENDIX 1 


Future UrBAN GROWTH IN THE UnrTEep States! 


DISTRIBUTION OF URBAN AREAS 
GROWTH 


AND ANTICIPATED CITY 


The geographical distribution of urban functions and 
urban areas in the country is important in analyzing future 
urban growth. At present there would appear to be three 
types of urban area distribution. The most distinctive is 
the relatively dense concentration of urban areas in the 
northeastern-midwestern manufacturing belt. Within a 
northeastern-midwestern area containing only 8 percent of 
the country’s land area there were, in 1950, 43 percent of 
the resident population of the Nation and 68 percent of 
the manufacturing employment, a pursuit we usually 
associate with urban areas. If we add to this 8 percent 
of the country’s land area another 7 percent which is 
adjacent principally in Wisconsin, Missouri, and Iowa, 
the concentration of population and urban characteristics 
is even more striking. Within this 15 percent of area 
there were in 1950 more than half the total population of 
the country, nearly three-fourths of the total industrial 
employment, and nearly three-fifths of the total income of 
individuals.? 

The outlook for prospective population growth within 
the several regions between now and 1980 is equally in- 
teresting geographically. It is one of increasing concen- 
tration within the northeastern-midwestern urban region 
with a noteworthy new concentration in California. A 
sample of the urban growth to be expected by 1980 shows 
a generally high rate of growth in the western Gulf States 
and California. However, about half of the total growth 
of the Nation’s population between now and 1980 is 
expected within the 15 percent of the Nation’s area. If 
the expected growth in California is added to the northern 
urban zone, two-thirds of the expected total growth is 
accounted for. California is expected to increase its 
population in this period by 70 percent to become the most 
populous State in the Union. If the growth of California, 
Texas, and Florida is added to that of the northern urban 
zone, nearly four-fifths of the Nation’s expected popula- 
tion growth by 1980 is included. The population growth 
of the Nation, which will be entirely urban, then will also 
be concentrated regionally. Forty-five percent will be 
in 15 percent of the country’s land area. More than half 
of the remainder will be in three States. If public programs 
are to be related to people’s anticipated needs, and needs 





1 Adapted, with permission of the Urban Land Institute, from the author’s 
“The National Environment of Urban Growth and Highway Construction,” 
Urban Land Institute Technical Bulletin 31, 1957, 

2 E, L. Ullman, “ Regional Structure and Arrangement,” Office of Naval 
Research Contract No, Nonr-477(03), Report No. 10, Seattle, 1954, p. 16, 
Even though it is only 15 percent of the land area of the United States, it is 
& large area, being equivalent to the combined areas of Great Britain, France, 
Italy, Belgium, Netherlands, and Switzerland, 
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are in some part a function of numbers of people, these 
geographical facts would seem to be an elemental part of 
planning for the development of resources and public 
facilities. 

The characteristics of the two most important regions 
of urban settlement in the future, the northeastern-mid- 
western and the Californian, are quite definite. Aside from 
the general density of settlement, the number of urban foci, 
the size of the supercities, and the concentration of manu- 
facturing, these are also regions of high average land values, 
and they have a very large share of the Nation’s total 
market potential. Half of the national market a few 
years ago was with the section of the northern urban region 
containing only 8 percent of the country’s land area.’ 
These regions, furthermore, are sections where spreading 
urban land use is tending to cause a degree of coalescence 
among the urban centers of each region. It has led one 
author to postulate a ‘‘megalopolis” extending from Boston 
to Washington on the Atlantic seaboard.‘ While field 
observation shows ‘‘megalopolis” to be something less than 
reality as yet, the fact remains that a number of individual 
metropolitan areas within the northern and the California 
regions are moving ever closer to each other in their sub- 
urban spread. It is also true that the local hinterland- 
city center relations are in a state of some confusion within 
many parts of the northern region. 

In a sense these two giant urbanized regions may be 
viewed as eastern and western nodes in a Nation which we 
may now consider a single unit in its economic geography. 


Elsewhere in the Nation we may think of two other large 
regions, as far as the characteristics of urban settlement are 
concerned. One is the Southeast, bounded roughly by the 
Ohio River line on the north and by the 98th meridian on 
the west. The other is the arid, semiarid, and montane 
West. Within the first, the more traditional relation of 
city and hinterland may be observed. While manufactur- 
ing has developed to some degree, particularly in Texas and 
along the Piedmont, the classic relation of commercial and 
administrative center and rural hinterland still is a domi- 
nant feature of the southeastern urban picture. The 
positions of Nashville, Knoxville, and Memphis, Tenn.; 
Lexington, Ky; Jackson, Miss.; Little Rock, Ark.; San 
Antonio, Tex.,5 and others are illustrative. City-hinter- 


30, D. Harris, ‘The Market as a Factor in the Localization of Industry 
in the United States,” Annals of the Association of American Geographers, 
vol. XLIV (1954), pp. 315-348, reference on p. 320. 

4J, Gottman, “Megalopolis, or the Urbanization of the Northeastern 
Seaboard,’”” Economic Geography, 33 (1957), pp. 189-200, 

6 Eastern Texas was included within the “ Southeast” in the analysis which 
has been adapted for reproduction here. All of Texas, however, has been 
placed in the “‘Southwestern nine States” grouped for the text analysis of 
vol, 1 of this report. 















































land relations still have a relatively stable pattern, in con- 
trast to the northern urban region. At the same time there 
is a more or less continuous net of rural settlement through- 
out the region. 

The western region is one which has what might be called 
an oasis type of urban location. In some places it is the 
presence of irrigation agriculture, as at Salt Lake City, or 
Phoenix, Ariz., which has prompted urban growth to serve 
the area. In others it is mineral deposits, as at Butte, 
Mont. In still others proximity to a mountain pass has 
been important, as at El Paso, or Spokane. The urban 
centers in this region are relatively few; they have definite 
hinterlands, somewhat isolated one from the other. The 
density of settlement is likely to remain thin in most of the 
region within the foreseeable future. 


SUMMARY OF REGIONAL DIFFERENCES 


The pattern of urban characteristics thus far depicted 
for the United States is one of increasingly urban residence 
and occupation, in cities which tend more and more 
toward multifunctional activities. Geographically, four 
roughly delineated regions may be discerned: (1) The 
northeastern-midwestern ‘‘supernode’”’ with the densest 
concentration of urban settlement, urban employment, 
and, in places, coalescing urban areas. (2) Another 
“supernode” in process of formation in central and 
southern California. (3) A southeastern region with a 
more or less continuous net of rural settlement, in which 
the countryside still “‘sets up’’ central places. (4) A 
western region with a thin spotting of urban areas, de- 
pendent upon oasis, or oasislike economic activities. 

Certain changes already have been forecast in this pat- 
tern, the forecast being based mainly on recent migration 
and other demographic and settlement trends. Thus, 
the growth of the Californian urban areas is taken for 
granted, as are major increases in the population of eastern 
Texas and Florida. 


FUTURE INFLUENCE OF RESOURCE SUPPLY 


With this background one should examine further 
possible changes in the economic geography, or the 
resource-sustenance pattern of the Nation. 

The basic changes to be examined are those relating 
to the sources of materials and food which nourish the 
Nation’s people and industries. Two likely changes 
which may illustrate considerations to be taken into 
account in planning are the sources of national minerals 
supply, and technical events important to regional 
agricultural and forestry production. 

The United States has become increasingly dependent 
on foreign sources of minerals. Petroleum, which is as 
near a mineral trademark of the American culture as we 
have, was imported to the extent of about 12 percent of 
total consumption in 1955. Between 1940 and 1958 our 
position changed from one of exporting (net) about 46 
million barrels of petroleum and petroleum products to 
one of importing (net) about 621 million barrels.6 This 


¢ U.S. Bureau of Mines, Mineral Industry Surveys. 


change already has been reflected in substantial commit- 
ments of American petroleum companies to exploration 
and production abroad. 

Other mineral-supply changes are illustrated by iron ore 


and aluminum. In 1959 about 25 percent of our iron ore 
was imported from abroad, with percentages likely to 
increase in the future. In 1940 only a little over 1 percent 
was imported. Nearly all of our fast rising consumption 
of aluminum, now about 2.1 million tons annually, is 
dependent on foreign bauxite or aluminum reduction. 
Foreign dependence on minerals used in lesser quantities 
shows a similar trend for all but a few, like sulfur, salt, and 
some alloy materials. The effects are illustrated in some 
growth of the steel industry on tidewater, and in the 
seaboard locations of major aluminum production facilities, 

The almost certain growth of dependence on foreign 
sources of some important materials raises the question of 
accessibility to bulk transportation by water. In this the 
major recent change is the St. Lawrence Seaway, which 
has opened the western part of the northern urban region 
to something resembling tidewater connections. The 
future effects of the seaway already have been widely 
discussed, although charting the detail of these effects is 
far from complete, or agreed upon. It seems reasonably 
clear that the western end of the northern urban region at 
the very least will have a decidedly improved position in 
relation to foreign materials, and an improved position for 
the export of the manufactured goods now in demand to 
pay for those materials. This cannot help promoting the 
further urbanization of the western half of this urban region. 

The seaway gives Great Lakes ports a position which 
requires a new appraisal of further development of the 
now very incomplete network of inland waterways in the 
Midwest and the Southeast. The feasibility and desir- 
ability of improved Lake Michigan- Mississippi River con- 
nections, and an Ohio River-Lake Erie waterway connec- 
tion, may result in a new system of moving bulk materials, 
important to both the northern urban region and the 
Southeast. Hitherto the inland waterways have been too 
disconnected to be viewed as a system. 

A second type of change to be considered in future plan- 
ning is the regional effect of technical changes in agricul- 
ture, forestry, and forest-product utilization. They would 
appear to be destined for a major impact upon the South- 
east. The forestry and forest utilization of this region 
already are in the process of transformation, consequent 
upon the technical improvement of processes for pulping 
southern pine species and hardwoods. The recent apparent 
economic feasibility of producing even newsprint from 
hardwood species introduces still another possibility for 
the industrial utilization of the southern woodland, and 
for a better-managed, more-productive resource. 

Agricultural technology also would seem to point in the 
direction of major changes in the position of this region 
as an agricultural producer, as compared to the present 
and the recent past. The rapid growth of techniques of 
artificial fertilization and irrigation alone indicates that 
the Southeast is only at the beginning of a stage in which 
its agricultural productivity is certain to be much in- 
creased. The potential production of the lower Mississippi 
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Valley alluvial lands alone is sufficient to add substantially 
to the national agricultural output. 

The position of the Southeast is further strengthened for 
the future in that it still has the major sites for promising 
future petroleum production in the offshore structures of 
the gulf coast. Finally it has the major lands suitable for 
subtropical agriculture (seasonal or annual). This is a 
significant consideration when one considers the demo- 
graphically broad base of the improved standards of 
nutrition, the mounting population of the Nation, and the 
loss of subtropical agriculture lands in southern California 
to urban and suburban uses. 

The Southeast accordingly promises to be a region of 
considerably greater importance as a resource producer 
and processor than it now is. Paradoxically, because of 
agricultural mechanization, it also is likely to be a con- 
tinued source of low-income immigrants to cities of both 
North and South. 

The possibility of some southerly extension of the north- 
eastern-midwestern urban region must be considered a 
strong one. The growing importance of the Southeast as 
a resource base for the northern urban region, and its 
anticipated important increases in productivity, should 
make it increasingly important as a market. The attrac- 
tiveness of manufactural location along the zone of contact 
between the northern region and the Southeast will be 
very definite. One part of this zone very clearly centers 
on the Ohio River, some sections of which already are 
industrialized. Signs of extension southward already are 
evident along the lower Tennessee. Should the Great 
Lakes-Ohio water connection eventually be realized, 
further extension of the urban region along the Ohio River 
line would be very probable. 

Another probable extension of the present northern 
urban zone is southward from Washington in the direction 
of the already developed secondary industrial district 
along the Piedmont of the Carolinas (fig. 2, vol. 1). 


THE COALESCING CENTERS OF THE NORTHERN REGION 


The new expressways between the important existing 
urban centers may be expected to alter land use. In- 
creases in the effective commuting distance, increases of 
range for the same shopping time and effort, and increased 
ease of highway freight movement will extend urban land 
uses farther into the countryside. Where existing centers 
are relatively close to each other, as along the northeast- 
ern seaboard, continuous urban land use between one cen- 
ter and another becomes even more likely. ‘‘Megalopolis”’ 
becomes more than a probability, particularly in view of 
the near 30-percent increase in population expected within 
the region in the next two decades. Similar effects may 
be expected, in a lesser degree, in the Cleveland-Pittsburgh, 
Detroit, Cincinnati- Dayton, and Chicago- Milwaukee areas. 

The greatly increased coverage of urban land use, and 
the coalescence of previously individual urban centers 
which can be foreseen from the expressway pattern and 
population trends, raise, anew and more intensely, certain 
land-planning problems which have received some atten- 


tion in the past. Among them are the access to and pro- 
vision for outdoor recreation facilities. 


THE PROBLEM OF OUTDOOR RECREATIONAL FACILITIES AND 
ACCESS THERETO 


The coalescence or outward spread of urban areas in 
the northern zone can create some difficult problems of 
access to outdoor recreational facilities. As the urban 
spread continues more and more people will be placed 
farther and farther from facilities usable on a weekend, 
or a daily basis. Undesirable crowding of the public facil- 
ities available, already evident in the New York metro- 
politan area, may be expected to be general unless plans 
are laid to avoid it. This is certain not only because of 
the increased population density and lessening work hours 
but also because of further closing off of beach, lakeshore, 
or countryside for private use, as has happened along the 
accessible parts of the Atlantic coast line with surprising 
rapidity and completeness in the postwar period. The 
lack of ready access to such facilities already is visible in 
some areas; its intensification can be a handicap to the 
living of many millions in the future within this northern 
urban zone. 

Measures to alleviate or meet the problem can be taken 
in two directions: (1) Planning and public action to 
reserve adequate open or “green’’ space in the path of the 
urban spread, which will be encouraged by the new high- 
ways. This means that foresighted and vigorous public 
action must accompany or precede private subdivision, 
commercial, and industrial growth. (2) Provision of more 
distant recreational opportunities, but still within easy 
reach of the urban development. Water facilities for 
outdoor recreation must certainly be included among 
these. 

The latter suggestion illustrates in one way the ever 
closer relation which countryside and urban area are 
inevitably reaching. Yet a distinct separation of urban 
and rural planning still prevails. For instance, a national 
resource development activity of goowing momentum is the 
rural small watersheds program sponsored by the U.S. 
Department of Agriculture. It already is operating in 
some areas significant in meeting urban present and future 
needs. Yet this is mainly a farm-oriented program, with 
little conscious attention to the possibilities and eventual 
need for coordinating rural and urban development. In 
similar manner relatively few of those who are preoccupied 
with the many perplexing problems of urban planning and 
development are conscious even of the existence of the 
small watershed program. 

The gathering forces for urban spread in this 
northeastern-midwestern urban zone, and the new high- 
ways which will direct them, clearly call for leaving some- 
thing of the countryside within the urban area, and for 
at least cooperative attention to land-use problems which 
a vast urbanization is bringing. These are problems in 
which foresighted private initiative can be important, but 
they also call for State and Federal Government alertness 
and attention. 





































































To plan for water development, one first must make some 
assumptions about the agriculture of the future. What 
sort of agricultural industry, and what kind of demands, 
shall we plan for? 

Although agriculture may not be what the stockbroker 
would call a “growth industry,’’ it still has prospects for 
vigorous growth in the United States. It must grow, to 
meet the demands of a nation whose population may double 
before the year 2000. It must grow if the demands of an 
ever-improving standard of living are to be met. It must 
grow if U.S. commitments toward international leadership 
are to be honored from a strong position. 

Economic projections of agricultural output as distant 
as the end of the century of course are subject to a wide 
margin of error. Even so, the population outlook alone 
leads to the conclusion that increase in agricultural out- 
put during the next decades is likely to be very large. 
This is the first assumption to be made about the kind of 
agriculture we reasonably might plan for: a much greater 
output than now, perhaps more than double that of the 
present day. 

This larger production will be within a Nation different 
from the present one. Most citizens of this future Nation 
will live in cities and suburbs, and will be employed largely 
in nonagricultural industry. It would not be astonishing 
if the population directly supported by primary agricul- 
tural production fell to 5 percent of the country’s total 
sometime within this century. Moreover, agriculture is 
likely to be even more closely integrated into the industrial 
system than it is now. Obviously the city of today could 
not exist without the products of the country. The de- 
pendence of the countryside on the city is less obvious, but 

equally true. The mechanized chemical-fed, research- 
based agriculture of today would only be a shadow of its 
present form without the efforts of the city. If we plan 
realistically, we shall plan for agriculture as part of a com- 
plex and highly interdependent industrial system. 

The final assumption applies to the location of people and 
industry in the future United States. We now expect 
California to become the most populous State in the Union. 
Other sections of the West also will continue to grow, some 
rapidly. However, most of the people of the country will 
continue to live and work east of the Mississippi. Probably 
two-thirds of the great future growth which is expected 
will take place east of the Mississippi, and half of it from 
the latitude of Washington northward, within the East. 
I mention this because public planning no less than private 
planning should take account of the location of future 
markets. The continued location of the great markets for 
farm products in the East, and particularly in the North- 
east and Midwest, is a factor of prime importance. 


AGRICULTURAL USE OF WATER 
How important is artificially supplied water to agricul- 
tural output? Conversely, how important is agriculture in 


1 Adapted with permission of the Journal of Soil and Water Conservation 
from an article of this title by the author in Journal of Soil and Water Con- 


servation, vol. 14, No, 3 (May 1959), pp. 112-117. 


ApPpENDIX 2 


Water Resource PLANNING AND DEVELOPMENT IN AGRICULTURE ! 





water use? For agricultural use is only one of several 
important functions served by water in our economy. 

The largest withdrawal of fresh water for any purpose 
in the United States is for irrigation. About 123 million 
acre-feet of water are estimated to have been applied to 
34 million acres of farmland in the United States in 1955. 
This was about 44 percent of all the water withdrawn in 
that year. However, irrigated acreage was only about 
9 percent of the total cropped land in the country for the 
same year. The value of products from irrigated farms 
was somewhat higher than the percentage indicated by 
the acreage. About 12 percent of the value of agricultural 
production in recent years is thought to have come from 
irrigated farms. It is therefore safe to say that agriculture 
is far more important in water development than artificially 
supplied water is in agricultural production. 

This last assertion is borne out by the disappearance 
(consumptive use) of water in 1955. Approximately 74 
million acre-feet of the water applied to irrigated fields is 
thought to have transpired from crops and pasture and 
evaporated during transportation or while standing on the. 
fields. This amount probably was about 80 percent of 
all the water that disappeared in the course of withdrawal 
use. 

How important should we expect irrigation water use 
to be in the future? It often has been said that water is 
the cheapest form of fertilizer. If this is true, one reason- 
ably might expect additional irrigation to be among the 
means of adding to agricultural production in the remain- 
ing years of this century. Averaged over the past 25 years, 

irrigated acreage has increased about 1.6 percent per year. 
Should this trend continue for the remainder of this cen- 
tury, it would double the present irrigated acreage. But 
during the same period total agricultural production may 
be destined to increase much more. 


BASIC REGIONAL PROBLEMS 


The basic future agricultural water development prob- 
lems can be seen clearly if we divide the country into three 
areas: The States east of the 98th meridian, the nine- 
State area of the Southwest, and the eight-State area of 
the Northwest. The position of each region in terms of 
knowledge of potentialities and needs for action will be 
summarized. 

First, the East: This is where the major agricultural 
development of the future will be. This region has the 
lion’s share of the land, the water, and the future market. 
As yet, however, irrigation has been practiced only on a 
modest scale. Aside from soil moisture received from pre- 
cipitation, water is a minor agricultural input. Perhaps 
because of this we know very little about its productivity 
relative to inputs under the conditions prevailing in several 
parts of the East. Yet when we view such important po- 
tential agricultural areas as the lower Mississippi Valley 
the productive promise of water application appears to 
be of the first rank. An immediate need therefore is rig- 
orous economic evaluation of the relative productivity of 
water in humid-land cultivation, in the light of modern 
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agricultural technology. Wise and fruitful public invest- 
ment for water development cannot be made without the 
findings from such studies. 

Second, the eight States of the Northwest: These States, 
which comprise about one-fifth of the total surface of the 
country, have the land, and they have some water. Now 
sparsely populated, it is hard to foresee a population in this 
area during this century that will be more than about a 13th 
of the total for the Nation, or with a density more than one- 
fourth of the average for the entire eastern half of the coun- 
try. This relation holds true even for a considerably more 
rapid rate of population growth in these States than for the 
country as a whole. Consequently, further opportunity for 
the development of irrigation agriculture may be expected 
there. Regional political pressure for such development 
also may be expected. Again the immediate need is one 
of obtaining further knowledge. There are three possible 
reasons for irrigation development in the Northwest: To 
supply the growing food demands of the eight States; to 
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export to the Southwestern States; or to export to the East 
on the present pattern. To plan for water development we 
need to know the size of the market for products from irri- 
gated lands, within the area itself. Even more, we need 
to know the likely productivity per dollar invested in this 
area to serve eastern and southwestern markets, compared 
with dollars invested on farms nearer those markets. We 
do not know these things at the present time. 

Last, the southwestern region: We in the United States 
have not been accustomed to experience the pressure of 
population against resources. There have been local pres- 
sures on the land, but we always have had outlets for those 
pressures, and an ever-improving level of material living. 
The Southwestern States have had a bountiful share of 
the benefits from our economy. However, within the 
remainder of this century we shall see the first really serious 
pressure of population on a given resource in these States. 
(See app. 11.) 
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AprENpDIx 3 


Brier Description or Systems ANALYysis METHopDs! 


It should go without saying that all decision-making 
persons or groups attempt to economize, in the true sense 
of the word. That is, they try to make the most, as they 
conceive of the most, of whatever resources they have. 
Business firms may have a comparatively clear-cut notion 
of what they mean by the most, while consumers and 
governmental units have much more difficulty in defining 
it. But all of them, unless they make their decisions by 
drawing straws, are trying to do something in the best 
way possible with the resources that are available. 


* * * * * 


In tackling problems of choice, people have always found 
it advantageous to think about the consequences of 
alternative policies rather than to choose among them by, 
say, flipping coins alone. To assist them in predicting 
those consequences, they use models of the real situation. 
These may be small-scale representations, such as a model 
airplane in a wind tunnel or a pilot industrial plant. They 
may be representations on paper—mathematical models 
which grow out of laboratory experiment, reasoning, or 
the observation of small-scale physical models. Or, 
finally, these models may be simple sets of relationships 
that are sketched out in the mind and not formally put 
down on paper. 

* * * * *x 


Some of the most fundamental analytical aids have long 
been available, and could have been used in the past to 
much greater advantage than they were. Although re- 
finements have occurred, e.g., in the handling of uncer- 
tainty, the main elements of the theory of choice have 
existed for a long time, in economic theory, mathematics, 
and certain branches of philosophy, for example. This 





1 Reprinted with permission from Roland N. McKean, “Efficiency in 
Government Through Systems Analysis,” a Rand Corp, research study 
1958, John Wiley & Sons, Inc., New York, pp. 3-8. 


sort of aid indicates at least what questions should be 
asked in comparing alternative courses of action, and 
even without other tools, raising the right questions can 
generate simple models that are powerful problem solvers. 


The spectacular advances over the past 50 years, how- 
ever, have pertained to other tools. One thing that has 
happened has been the rapid development of all the 
sciences so that it has become possible to say much more 
about the relationship of one event to another—about the 
effects, for example, of using prestressed concrete or 
higher octane fuel, or about the relationship between smog 
and combinations of sunshine, ozone, and gasoline fumes. 
As missing links in the chains of relationship were filled in, 
it became possible to predict more accurately the conse- 
quences of various actions. This development has some- 
times necessitated, in problems of sufficient importance, 
the collaboration of teams of scientists and analysts in order 
to bring the knowledge of specialists to bear. 


Along with the better understanding of scientific 
relationships have come more and better data. Or 
perhaps the data might be described as one facet of that 
better understanding. In any event, more facts are 
available about plastics, rainfall, markets, disease, national 
income, and so on. Also, there have been refinements in 
the methods of statistical inference—for instance, in the 
use of small samples, sequential sampling, and experimental 
designs—and in techniques of computation and model 
building, such as linear programing. Finally, electronic 
computers have come along to make it practicable to 
utilize all the other refinements. More complex models, 
which in some cases yield more useful predictions, can be 
employed; more numerous calculations to show results in 
a wider range of situations have become feasible. In fact, 


some persons believe that modern computers mark a 
massive technological breakthrough, so far as analysis is 





concerned, somewhat as the microgroove recording was a 
crucial breakthrough in the high-fidelity reproduction of 
music. 

* * a * * 


During World War II, modern statistical techniques and 
knowledge from different sciences were used, sometimes 
with striking effectiveness, in the comparison of military 
tactics, such as various deployments of aircraft or ships. 
As these studies were used to assist in operational decisions, 
they became known as operations research. Since the 
war, this general approach has been applied also to military 
development and procurement problems, which has 
meant peering further into the future, including a greatly 
expanded number of variables, examining a wider range 
of possible actions, and taking higher level alternatives 


into account. The comparison of such enlarged systems 
of interrelated elements has often been called systems 
analysis. 
* * * 
Despite the encouraging developments of analytical tools 
and of new applications, it is clear that the role of such 
analysis must be that of an aid to the decision maker, not 
that of a substitute for him. In the face of uncertainty 
about outcomes, for instance, operations research and kin- 
dred activities can assist, but not supplant, the exercise 
of judgment as to which policy is best. * * * Where the 
price mechanism and the action of competing firms do not 
attend to problems of choice—in internal decision of a 
consumer, government unit, or firm—it is operations 
analysis that often has no practicable rival. 


* + 


(a a LL a a aS SSSA re 


APPENDIX 4 


REPoRT ON THE HARVARD PROGRAM OF RESEARCH IN WATER ReEsouRCcES DEVELOPMENT! (EXCERPTS) 


(By Arthur Maass and Maynard M. Hufschmidt) 


PART I. IN SEARCH OF NEW METHODS: FORMAL CONDITIONS 
OF OPTIMUM DESIGN 


Arthur Maass 


What is wanted in new methods 


The overall goal of the Harvard water resources pro- 
gram is to improve the methodology for the planning and 
the designing of multiunit, multipurpose water resource 
systems. * * * 

We have three major objectives for the methodology. 

The first objective is to allow the simultaneous con- 
sideration of a large number of alternative system de- 
signs. * * * 

Second, our objective is to improve methodology for the 
planning of river systems so as to “‘marry’’ engineering 
and economics. * * * 

Our third objective is to improve the methodology for 
design so that it can be adaptable to any reasonable eco- 
nomic objective and to any re asonable institutional con- 
straints. * * * 


The criterion of optimum design: The objective function 


Much of the confusion, it seems to us, in applying eco- 
nomic analysis to the design of public water resource 
systems arises from a failure to draw a proper distinction 
between the basic objectives involved, * * * 

One objective might be economic efficiency, defined very 


1 Part of the proceedings of the Western Resources Conference, Boulder, 
Colo., July 13-17, 1959. (To be published by the University of Colorado, 
spring 1960.) The Harvard program is an outstanding experiment in the 
application of systems analysis to water resource development planning. 
Financial support has been given to it by the Rockefeller Foundation. 
Arthur Maass is professor of government, Harvard University, and director 
of the program, Maynard M. Hufschmidt is research associate in the grad- 
uate schoo] of public administration, Harvard University, devoting his full 
time to the program. He was formerly a member of the program staff, 
Office of the Secretary, Department of the Interior. These excerpts re- 
printed with permission of the authors and the University of Colorado, 
Iijustrations do not bear the same number designation as in the original copy, 


briefly and perhaps inadequately as a measure of the in- 
crease in real national income (note the word ‘“‘national’’) 
resulting from national investment. 

A second objective might relate to employment. * * * 

A third objective might be income redistribution. This 
could be among regions * * * or income redistribution 
among classes or groups in society. * * * 

Fourth, the objective might be economic growth. * * * 

And, finally, there may be certain intangible objectives, 
just as legitimate as the tangible ones. * * * And of 
course there can be * * * any combination of these 
several types of objectives. 

* * * Tf the objective * * * is efficiency, the design 
criterion—what we call the objective function—is as 
shown in part 1 of table A. 


TaBLeE A.—Objective functions 


Warning: No budget constraints 


Static model 


1. The efficiency criterion: 


$y eM gh 
Maximize — eit st K;, 
aximize 2 (i4+a)! ft i 
where 


B,;,=gross efficiency benefits of the jt» unit in the 
tt» year, where unit may also be project 
increment, 

M;,=operation and maintenance costs of the j‘» unit 
in the tt» year, 

K;=capital cost of the jt® unit, 
i=discount rate, 
n=number of units, and 
T=life in years of longest lived unit. 
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with an efficieney constraint: 


n 
- Mj: — > K;, 


2. Income redistribution, 


Maximize > 51 (Bot ot Bo u- 


j=1 t=1 +1)§ j=1 
B, - 
subject to >: SB i= yt it Sik, >0, 
jelt=1 (1+2) j=1 
where 
B,=primary system benefits (efficiency), as above, 


B,=secondary system benefits (accruing to intended 
beneficiaries), 
and other symbols are as in 1. above. 


3. Efficiency, with an income redistribution constraint: 


wea A 
a SoBe “i -DiK, 
j=1 t=1 j=1 
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B,+B,); 
i subject to >) Pe *>B,, 
j=l1t=1 (1 Tt) 


where B,=a specified benefit level in the region and other 
symbols are as in 1. and 2. above. 

* * * Part 2 of table A * * * is one example of how 
to combine an income distribution objective, with 
certain degree of efficiency, into a design criterion. 

An alternative is to apesity in advance the distributive 
effects desired—for example, the desired income supple- 
ment in a particular region—as a constraint, and then 
maximize net benefits in economic efficiency terms, subject 
to this constraint. This, symbolically, is expressed in 
part 3 of table A. * * * 

Finally on objective function, I should like to emphasize 
three points. 

First, the several objectives, even where these are com- 
bined into a single complex objective function as in the 
last two equations, should never be so mixed or inter- 
mingled that their individual identities and relationships 
are obscured. * * * 

Second, * * * the Harvard water program 
methodology is indifferent to the objective chosen. 

Third, though our method is indifferent to which 
objective, one must be chosen initially. * * * You 
cannot begin to plan or design a water system properly 
without a clear statement of the objective function as a 
design criterion. 

* * * We will proceed now to set out more specifically 
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the formal conditions for optimum design regardless of 
objective. 
Maynard M. Hufschmidt 


Formal conditions of optimum design 


* * * Regardless of the objective specified, certain 
formal conditions must hold if the optimum system 
design is to be achieved. We define an optimum system 
design as that combination of system units and outputs 
for which net benefits are maximized, subject to whatever 
constraints are imposed. * * * 

Now how can we tell analytically if we have attained 
the optimum design? We can test this by seeing if the 
specified formal conditions have been met. 

These formal conditions are concerned with the behavior 
of three types of economic and technological relationships: 
first, the physical input-cost function; second, the physical 
input-physical output function, more commonly known as 
the production function; and, third, the physical output- 
benefit function. 

As for the first, the input-cost function, we obviously 
want to design and construct such input items as dams, 
canals, channels, pumping plants at least 
cost. Using a dam and reservoir as an example, 
figure A shows the cost-capacity function for a storage 
dam. Overa range of feasible dam sizes, here is a schedule 
of least-cost designs for each capacity. Similarly, we 
could draw such functions for all other physical inputs 
to the system. The engineer does this intuitively under 
present practice when he selects two or three designs and 
finds then what the cost is, the cost calculation being done 
on the basis of standard design and construction practice, 
which to some extent assumes least cost * * *. 

To illustrate the second type of relationship—the pro- 
duction function—let’s assume a single physical output 


powerplants, 
* * * 


from the dam—say, domestic water supply drawn from 
the reservoir at a constant rate throughout the year. We 
have to make some assumptions as to the hydrology. But 


with these assumptions, we can draw an output-capacity 
curve, which shows for each reservoir capacity the maxi- 
mum obtainable physical output—in our case, water 
supply. This is shown in figure B. The two curves 
shown in figures A and B are next combined to form a 
least-cost-output curve for the dam as shown in figure C. 
This curve shows the least cost for building a reservoir 
producing the specified output at the dam over the relevant 
range. * * * 








Ficure A.—Cost-capacity function, storage dam. 
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Cost 





Reservoir Capacity, acre-feet 


We turn now to the third type of relationship. On the 
assumption that gross benefits can be defined in terms of 
the objective function that is specified, whatever it is, 
economists can give us a gross benefit-output curve, as in 
figure D. We now transpose figure C—on a little larger 
scale—to figure D and we have the cost-output curve and 
the gross benefit-output curve on the same diagram. 

Now we can begin to apply the formal conditions. By 
inspection of figure D we find the point of maximum net 
benefits—the point where the positive difference between 
gross benefits and costs in the greatest. At this point the 
slopes of the two functions are equal, or, in other words, 
marginal benefits equal marginal costs. This is the first 
formal condition for optimization in this example of a single 
dam for a single purpose. Stated more elaborately, this 
formal condition requires that we develop the system to the 
point where the derivative of the cost with respect to the 
output is equal to the derivative of the benefit with respect 
to the output * * *, 


We now move to a somewhat more complex example, the 
two-reservoir, single-purpose case where we can still use 
the principle of equating margins * * *, We now obtain 
information on the total cost of developing two reservoirs 
in different-sized combinations, say reservoir A to 100,000 
acre-feet capacity plus B at 300,000; A at 200,000 plus B 
at 200,000; A at 300,000 plus B at 100,000, etc. 

From this information we sketch iso-cost contours or 
curves, 

* * * These are curves which show the combinations of 
A and B which will provide the same total output, with 
output specified rigidly as, for example, municipal water 
supply with a particular draft requirement over time. In 
figure E there are indicated the points of tangency of sets 
of iso-cost and iso-output curves—the points where their 
slopes are equal. These points represent the least-cost 
means of providing the outputs involved * * *, In 
formal terms this equality of slopes means that the ratio 
of the marginal productivities of the reservoirs must be 
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FIGURE B.—Output-capacity function storage dam. 
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Figure D.—Cost-output and gross benefit-output functions. 
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equal to the ratio of their marginal costs. Thus, if the 
marginal productivity of reservoir A is twice that of B, the 
marginal cost of A must be exactly twice that of B, neither 
more nor less. This is the first formal condition in this 
example. 

You will note that the points of tangency in figure E are 
joined by a scale line which connects the least-cost com- 
binations for producing these outputs. I can take this 


scale line and plot these points on the graph in figure D as 
the least-cost combination of the two reservoirs as a func- 
tion of output. From here, the procedure is identical to 
the first case. Thus we have, for a two-reservoir, single- 
purpose case, two formal conditions: the ratio of marginal 
productivities of the reservoirs must equal the ratio of 
marginal costs, and, to obtain the proper scale of develop- 
ment, the marginal benefit must equal marginal cost. 


FIGURE E.—Two reservoir—single purpose system iso-cost andiso-output functions. 
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I’ve sketched a simple case, and then a slightly more 
complex one, to indicate that the analysis can be extended, 
and formal conditions stated, for optimization of a com- 
plex multiunit, multipurpose system no matter how many 
units and how many purposes there are. Thus, for any 
single purpose, we can take the equation in figure E, trans- 
pose terms, and extend, as follows: 


MP MP MP 

Res A _ ResB_ sees Res n- 
MC MC ~ MC 

Res A Res B Res n 


We can write a similar expression for every other purpose, 
and obtain a matrix. The number of columns corresponds 
to the number of reservoirs, and the number of rows to 
the number of purposes. 

The second formal condition for the general case relates 
to the optimum levels of outputs. If we assume no budg- 
etary constraints, the marginal gross benefit of producing 
each output must equal the marginal cost of producing it. 
If we have budgetary constraints we can’t develop the 
system to the point where the marginal benefits equal the 
marginal cost of producing each output. In this case, the 
marginal cost of producing the last increment of benefit 
must be equal for all purposes. 

I have outlined these formal conditions in an oversimpli- 
fied way and have assumed smooth curves and surfaces. 
This helps us to visualize the problem that we’ll be dealing 
with * * * (in which) we shall actually use some of these 
formal conditions in our methodology. They all must be 
satisfied by the optimum combination, but in some cases 
we can use the formal conditions directly, and they always 
provide us with clues as to the best methodology. Also, 
looking at the formal conditions focuses attention on * * * 
the point of juncture between the engineer and the econ- 
omist—the production function. I define this as the 
function which relates physical inputs to physical outputs 
and which shows the maximum quantity of one physical 
output which is obtainable for each possible combination 
of the remaining physical outputs and the physical in- 
puts. * * * Much of the research in our program is con- 
cerned with determination of the production function for 
complex river systems. 

Finally, a few words on uncertainty as it affects the 
formal conditions. Curves (A—E) have been drawn as if 
costs, outputs, and benefits were single-valued functions. 
Yet, as we know, they are all subject to uncertainty be- 
cause of physical factors such as hydrology and economic 
factors such as changes in supply and demand for goods 
and services over time. In fact, we do not have single 
functions—we have ranges within which values are most 
likely to vary. Thus, for example, figure F shows an 
expected net benefit-scale of development function with 
confidence limits. It is obvious, of course, that as the 
scale of development increases, our confidence limits 
broaden because of hydrologic or economic uncertainty. 
* * * We may not wish to settle for the combination 
yielding maximum expected net benefits if associated with 
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it is too wide a range of. uncertainty—if the confidence 
limits are too wide. We may be willing to settle for lower 
net benefits but have them more certain. This, of course, 
we can do in a number of ways. One is to build a greater 
degree of flexibility into the design of the system at an 
increased cost. We must recognize that uncertainty per- 
vades the optimization problem, and the objective func- 
tions and formal conditions should be adjusted to take 
proper account of it. * * * ' 

(In Parts II and III of their report, Maass and Huf- 
schmidt describe two approaches which they and their 
colleagues have examined in their search for feasible meth- 
ods of attaining optimum design. One is the simulation 
of river flow on a high-speed digital computer, using the 
machine to evaluate many alternatives and to produce 
a design compatible with programed objectives and con- 
straints. Another is the use of simplified mathematical 
models which apply the techniques of queuing theory and 
linear and quasi-linear programing. 

(The simulation approach has been tested by them on 
a prototype river basin of their own devising, whose hy- 
drology is based on that of the Clearwater River, Idaho. 
Seven physical structures were included in the prototype, 
including four reservoirs (A, B, C, D), two electric power 
generating plants (B, G), and a diversion dam (E). (See 
fig. G on the following page.) Maass describes their 
initial steps in the following excerpts.) 

* * * T shall indicate very briefly our overall strategy— 
what data we give to the machine and what results we seek 
to get from it. 

The data we give the machine are of two classes. 

In the first place there are a number of variables—that 
is, units and outputs—for which we can vary the size or 
the magnitude for any simulation run by the machine. 
One series of variables is the system units, set forth in 
table (B). 


TABLE B.—System units and outputs 


Range of scale 

0 to 1,500,000 acre-feet. 
Reservoir B____- 0 to 15,000,000 acre-feet. 
Reservoir C__._- Do. 
Reservoir D____ 0 to 13,000,000 acre-feet. 
Dead storage, 0 to 15,000,000 acre-feet.' 

reservoir B. 
Powerplant B_.. 0 to 800,000 kilowatts installed 


Units: 
Reservoir A____- 


capacity. 
Powerplant G__- Do. 

Outputs: Range 
Irrigation.___.-- 0 to 6,000,000 acre-feet per year. 
is ices 0 to 4,000,000,000 kilowatt-hours 

per year. 
Flood control... Maximum stage to stage corre- 


sponding to 105,000 cubic feet 
per second flow at control point 
G. 


1 Subject to the following constraints: 
Maximum powerhead <twice the minimum powerhead. 
When powerplant B=0, dead storage=0. 
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Ficure G.—Prototype river basin system, 
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For each simulation run of the machine we provide a 
value for each of the seven system units and a value of 
output that we should like to get for each of the three 
system purposes; and we see how much we get in the 
way of benefits and what the costs are for that particular 
combination of variables. Then, if that combination does 
not look profitable, we try another, and another, by the 
hundreds. * * * 

There are two other types of variables I should mention, 
closely associated with the system units and the system 
outputs. At each level of each system unit there are 
costs—capital costs and operating and maintenance 
costs. * * * 

In addition to the variable data, there are two constants. 
First, the hydrology. We have the hydrologic record for 
this river, roughly 32 years of monthly observations at 
five stream-gaging stations. That doesn’t change. * * * 
The second constant is the operating procedure—the in- 
structions we give to the machine on how and when to 
store and release water. * * * Thus, for any one machine 
run you select any combination of variables, and the 
machine operates the entire system in accordance with the 
operating procedure you have given it, using the flows of 
the given hydrology. * * * 

When the run is over, the machine gives a benefit 
evaluation in dollars. * * * 

The only really difficult problem in machine simulation 
is how to give the machine its instructions on operating 
procedure—in our case, when and where to store and 
when and where to release. In recent years, happily, 
advances in the use of computers for simulation-type 
operations have been tremendous, and one of the most 
significant of these is a new machine language known as 
FORTRAN II. We wish now to tell you something about 
our problems in instructing the machine. * * * 


Maynard M. Hufschmidt 


Instructing the machine 

Simulation of a river system on a high-speed digital 
computer requires a combination of skills and talents, 
chiefly of the engineer hydrologist, the mathematician, 
and the machine programer. We meet, therefore, the 
problems of communication between experts in different 
disciplines. As long as the river engineer did simulations 
by hand in his own separate operating studies he was in 
complete command of the entire strategy. He could ad- 
just his rules of procedure as he saw fit. He did not need 
to formalize them unduly. But simulation on the com- 
puter requires him to spell out his rules in considerable 
detail, so the machine programer can translate them into 
machine language. * * * 

I propose to sketch briefly one procedure for putting the 
rules into machine language, for the IBM 704 com- 
puter. * * * [I shall for illustration use a simplified 
version of the prototype system just discussed * * * (fig. 
G). I am going to use only some of its upper part, reser- 
voirs A and B only, without powerplant B, and I shall deal 
with the irrigation function only. 

To simulate this two-reservoir single-purpose system on 
the machine the first step of the engineer is to formulate 























































his basic policy of operating procedure and state it in 
very general terms as follows: 

Step A: Basic policy of operating procedure—Release no 
water from either reservoir unless necessary to meet 
specified monthly irrigation diversions. Apportion the 
required releases between the reservoirs so as to equalize 
their respective probabilities of being refilled and thus 
minimize unnecessary spills (i.e., spills from one reservoir 
when there is available space in the other). Do this by 
attempting to apportion releases so that the total of the 
expected available space in the two reservoirs at the end 
of the month will be divided between them in the same 
proportions as their expected mean inflows, respectively, 
over the remainder of the drawdown-refill cycle. 

The second step is to elaborate this basic policy of op- 
erating procedure by setting it forth as a sequence of rules 
or steps stated in an informal textual (as opposed to math- 
ematical) fashion: 

Step B: Informal description of month-by-month operating 
procedure.— 

1. Compute the spill from reservoir A, and set the re- 
lease from A to zero. 

2. Compute the spill from reservoir B, and set the release 
from B to zero. 

3. Compute total flow at E available for irrigation 
diversion without releases at A or B. 

4. Compute excess of total available flow at E (as com- 
puted in step 3) over irrigation diversion requirement. 

5. Compute the portion of the irrigation diversion re- 
quirement to be met from releases from A and B. 

6. Compute irrigation shortage (if any) after all availa- 
ble water in A and B has been used. 

7. If the quantity computed in step 5 is negative or zero, 
no releases are required—proceed to step 14; if positive, 
proceed to step 8. 

8. If irrigation shortage (as computed in step 6) is posi- 
tive or zero, empty both reservoirs and proceed to step 14; 
if negative, proceed to step 9. 

9. Compute the total reservoir space available in A and 
B after required releases are made. 

10. From given data of inflows to A and B for the re- 
maining months of the reservoir drawdown-refill cycle, 
compute the proportions of the total inflows for this period 
which occur at A and at B. 

11. Apportion total reservoir space (as computed in 
step 9) between A and B in accordance with the proportions 
computed in step 10, subject to physical constraints. 

12. If the apportioned reservoir space as computed in 
step 11 is greater than total reservoir capacity for either 
A or B, use the lower figure as the space allocation, and 
assign the remaining space to the other reservoir. 

13. Compute the release from each reservoir by subtract- 
ing space available at each reservoir before release from 
space as computed in step 12. Neither release as so com- 
puted can be negative. 

14. Compute reservoir contents of A and B at end of 
month, and return to step 1 for next month. 

These 14 rules, which spell out the general policy, are 
still not specific enough for a programer to handle as in- 
structions to the machine. They deal mostly with pre- 
liminaries and not sufficiently with the actual process of 





apportionment. Thus items 1 to 4 are the rules for taking 
advantage of any free water we have—water available 
before we have to release. Items 5 to 8 are the check of 
boundary conditions: if we don’t have to release any water 
at all, or if we have to release all the water, there is no 
occasion for apportionment. Only items 9 to 13 are the 
rules for apportionment. 

The third step is to restate this sequence of rules in 
formal mathematical terms, using also a simple flow dia- 
gram to help us visualize branching where we have to 
make choices. Standard algebraic terminology is used at 
this point quite generally. But we are using some termi- 
nology of the FORTRAN II method of programing. In 
FORTRAN IT language our rules are stated at this point 
with the help of equations, and the equations use symbols 
which we make up ourselves. Provided we observe certain 
conventions imposed by the machine, we can make up any 
symbols that make sense to us. What we have tried to do 
is make up symbols which, while being understood by the 
machine, can at the same time be very easily read as plain 
English. * * * 

Up to this point the task is the engineer’s: to describe 
the problem in a manner readily intelligible, without the 
jargon of programing. Beyond this point * * * it has 
been necessary until quite recently for the programer 
to take over. But the recent development of a new 
coding system, FORTRAN II, has radically changed the 
situation. This new language greatly reduces the further 
work involved in converting the problem description into 
a form acceptable to the computer, and it permits the 
new knowledge necessary to effect that conversion to be 
acquired by a skilled engineer or technician in a very short 
time, although the services of skilled programers, or 
engineers trained as programers, are still required. * * * 

The machine will now take this language and do the 
detailed programing inside. This was formerly a rather 
arduous task of the programer and furnished a tremendous 
number of opportunities for plain human error. * * * 

Thus, thanks to FORTRAN II and to other advances 
in computer technique, the unique advantages of the large 
computers, with their tremendous storage capacity, are 
now becoming more and more available to river system 
simulation. 

But we do not want to give you the impression that 
simulation by machine involves no serious problems. In 
fact, it is subject to certain inherent limitations, to which, 
however, there are some partial answers. * * * 


Arthur Maass 
Limitations of simulation 

The first limitation is the tremendous number of possible 
combinations of the different variables. The number 
depends on what increments you take in the size of the 
several units * * *, 

A second limitation, and I think a more severe one, 
follows from the fact that the operating policy must be 
given to the machine * * *. 

A third limitation * * * is this. The operating policy 
is chosen by the engineer or the planner according to his 
experience * * *, The operation policy may be in error, 
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and our simulation may not have married engineering 
and economics sufficiently. 

The fourth and last limitation relates to the actual 
stream hydrology. This hydrology may in fact be a very 
limited representation of the possible configurations of 
flows of the stream. * * *, 


Maynard M. Hufschmidt 


Partial answers to the limitations 


The first limitation is the enormous number of possible 
combinations—far more than we can possibly test, even 
with a high-speed machine. * * * Sampling is our first 
partial answer. 

There are two broad classes of sampling techniques— 
random sampling and systematic sampling. 

With random sampling we would, as the name implies, 
select completely at random the level of each of our 
variables—the inputs and the outputs. * * * The ran- 
dom sampling technique as a means of approaching the 
optimum benefits may turn out to be very valuable indeed. 

But it has other important advantages as well for water 
resources systems. In the first place, it is often particu- 
larly advantageous when the number of variables is large, 
as is likely to be true in actual water resources systems. 
And in the second place it is not adversely affected by a 
high degree of interrelationship among the variables— 
again a common situation in water systems, where, for 
example, the size of one reservoir will have an effect upon 
the required size of another, or an increase in irrigation 
output will increase the electric power realized as a by- 
product. So random sampling appears to be a good 
method to use as a first stage in analyzing a complex 
system. * * * 

As for systematic sampling, the second broad class of 
sampling techniques, its essence is to apply some order 
or strategy to the selection of the combinations to be 
analyzed. I shall discuss three methods of systematic 
sampling—the uniform grid method, the steepest ascent 
method, and the single factor method. 

The uniform grid method is a systematic way of ex- 
amining the entire range of combinations. * * * The 
advantage of this method is, of course, that it provides a 
uniform coverage. Also, it is not greatly affected by the 
degree of interrelationship among the variables. * * * 

The second method of systematic sampling is the steepest 
ascent method. In contrast to the random method and 
the uniform grid method, which both try to cover the 
whole surface or a substantial portion of it in an operation 
mapped in all detail at the beginning, the steepest ascent 
method is a step-by-step, sequential procedure, with later 
steps determined by the results of earlier ones. * * * 

The third method is the single factor method. This 
method, too, is a sequential or step-by-step method but 
it differs from the steepest ascent method in that it analyzes 
each variable one at atime. It finds the optimum com- 
bination obtained by varying one variable and then uses 
this combination as a starting point for analyzing a 
second, and so on. * * * 

Now each of these methods—random sampling and the 
three types of systematic sampling—has its particular 
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advantages and disadvantages. The methods, thus, are 
suited to be used in combination. For example, where 
little is known of the nature of the net benefit surface 
being investigated, particularly if the number of variables 
is large, we might start out with random sampling as the 
first method for examining the entire sufface. If one or 
more regions of interest are thus identified, these can be 
analyzed further by another random sample, or by a 
uniform grid sample. * * * From what we know of the 
net benefit surfaces of water resource systems * * * it 
appears that in most cases all the methods described above 
can be used to some degree. Our hope is that through use 
of such methods the number of combinations we investi- 
gate can be kept at a reasonable figure. Yet the number 
may still be large, even for a high-speed computer. This 
fact remains a limitation of the simulation method. * * * 

Another limitation * * * relates to the operating pro- 
cedure itself. Owing partly to the difficulties in formu- 
lating operating procedures * * * and owing partly to 
the difficulties in programing operating procedures, we 
don’t know as much about them as we should like to. * * * 
We don’t know at this time the sensitivity of the output 
of different water resource systems to different operating 
procedures and the significance of large and small varia- 
tions in procedures. * * * In effect, the operating pro- 
cedure * * * becomes another variable in the analysis 
of our system, a variable concerning which we know very 
little at the outset. 

There are three methods of handling the operating 
procedure problem that we have been investigating. 

The first is to formulate a relatively small number of 
separate operating procedures, each with its distinctive 
logic, and each to be programed for the machine. This is 
the method with which we started and are currently 
working. * * * 

The second method we have thought possible * * * is 
to develop a very generalized master operating procedure 
within which the detailed logical rules can be varied 
within certain limits. * * * We would program a master 
operating procedure in a manner permitting a number of 
detailed subprocedures to be developed as needed and 
brought in or taken out by switches, without reprogram- 
ing. * * * 

The third method is to develop what hopefully one would 
call an optimum operating procedure as an integral part 
of the machine program. The rules formulated initially 
would be very general, and they would assume some knowl- 
edge of future flows or some degree of forecastability, or 
at the very minimum they would use the statistical charac- 
teristics of the inflow to modify the procedure by time 
increments, usually by months. We would be able to 
change the detailed rules automatically in the machine, 
instead of having them fixed. In this way the detailed 
operating procedure itself would change month by month 
as the machine searched for a theoretically perfect set of 
rules for each combination of inputs and outputs. * * * 

Now just a few words on the question of hydrology. 
The simulation procedure is based on the particular 
hydrology given to the machine—in our case, as we have 
said, the actual hydrology of the Clearwater River. 
Therefore, the results we get are strictly valid for that 
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particular configuration only. * * * Now the weakness 
inherent in this limitation has long been recognized in the 
case of flood events, where the extreme events are crucial 
to the analysis. There has been use, therefore, of fre- 
quency analysis in handling the extreme events. But 
for machine simulation, particularly where the existing 
record is shorter than 50 years—and that is generally the 
case—the only answer is to turn to a synthetic record which 
will bring in other configurations of the data—other maxi- 
mums and minimums and different spacings of these. By 
serially correlating the mean monthly flows and by apply- 
ing appropriately sized random components to the syste- 
matic base furnished by the correlations, it is possible to 
develop synthetic monthly flows which can be spun out by 
the machine with a relatively simple program for as long a 
period as you wish—for 500 or a thousand years. * * * 
This technique, admittedly, is not beyond the experi- 
mental stage and thus must also be classified as only a 
partial answer. 
Arthur Maass 


* * * These are only partial answers to the problems 
raised. * * * We should like to be able to proceed more 
directly to the very heart of the multipurpose, multiunit 
problem. We should like to be able to derive a solution 
which gives at once optimum sizes of units, optimum 
outputs, and optimum operating procedure. This we have 
tried to do by skeletonizing and simplifying the system and 
by trying to use a simplified mathematical model. * * * 

(The second method for evaluating a large number of 
alternatives simultaneously tried in the Harvard program 
is the use of mathematical models. In the model studies 
made thus far the Harvard group has used prototypes 
which are simpler than that employed for the simulation 
technique. One of these prototypes (fig. H) is composed 
of a stream with a total wet half-year flow of 6.9 million 
acre-feet and dry half-year flow of 3.9 million acre-feet. 
Two reservoirs (A and B), an irrigation diversion (I), 
and a single powerplant (C) compose the super-imposed 
development. The problem set for this prototype was one 
of determining the capacities of the reservoirs, the irriga- 
tion diversion, and the energy output so as to maximize 
possible net benefits from the system. An expression was 
developed for the objective function (achieving maximum 
net benefit), recognizing certain economic and technical 
constraints (like powerload factor), and recognizing also 
some subsidiary functions of scale. This expression be- 


comes 
I1=229.4E + E?+ 1.41 + 1045 log(1+.27) 
—50.1 (I—3) —4.57—0.5(7 —3) 
_ 43Y 472 
1+.2Y 1+.32° 
where 


E=energy in billion kilowatt-hours, 
I=irrigation water in million acre-feet, 
Y=live storage capacity of reservoir A, in million 
acre-feet, 
Z=live storage capacity of reservoir B, in million 
acre-feet. 
The solution to this equation is described by Maass. 
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Figure H.—Map of Simple Valley. 
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Finding the unknowns 


When you have, as here, a complex objective function, 
accompanied, as is this one, by constraints that are linear 
or near-linear, the problem is susceptible to solution by 
what we call quasi-linear programing. * * * 

First, you select certain variables, give each of these a 
particular value, and freeze them at those values. Then 
you try to maximize the objective function by changing 
the other variables. When you have succeeded in that, 
you test to see whether it would be advantageous to un- 
freeze or change the assumed values of the ‘“‘fixed”’ vari- 
ables. If so, you freeze these again at new test values 
and maximize over again. And you keep trying as long 
as you get better answers. * * * 

In this particular case, without going through the de- 
tails of the derivation, we find that the maximum value 
you can get from the system is $490 million and that asso- 
ciated with this value are a capacity in reservoir A of 
1,275,000 acre-feet, a capacity in reservoir B of zero acre- 
feet, an irrigation output of 3 million acre-feet, and an 
energy output of 1.4 billion kilowatt-hours. The irriga- 
tion output, you will note, is optimal at the point beyond 
which you have to bring in the pumping. It doesn’t pay 
to bring in the pumping with the additional capital and 
operating and maintenance costs involved. 

Now, I ask you to note what we have achieved. We 
have determined, all in one problem and in one solution, 
the optimum objective with the optimum outputs, the 
optimum sizes of system units, and the optimum operating 
procedure, and we have effected, I believe, a good mar- 
riage between engineering and economics. What is the 
operating procedure? Well, it is the specification of values 
for the internal flows. If you take these internal flows 
and then put in the values we have derived from Y and Z 
and E and I, you have the operating procedure. So by 
this mathematical model we have, in a sense, achieved the 
objectives sought, though I should add that this was not 
done on first try. * * * 

(Certain limitations of the technique are then described. 
One is complexity; solutions ‘“‘by hand’ cannot treat a 
system much more complex than the prototype. However, 
machine computing is much less limited in this respect, 
and probably can be adapted to the complexities encoun- 
tered in actual river system planning. The second limita- 
tion is incapacity to handle factors not fully predictable, 
like unusual hydrologic events. Here the application of 
queuing theory is considered an answer. Hufschmidt de- 
scribes its application to the model.) 

* * * By a new application of queuing theory it is pos- 
sible to calculate a factor which can be added into the 
deterministic model to take account of the unpredictable 
year-to-year fluctuations in flow. I shall not attempt to 
describe queuing theory, but its name is derived from the 
notion of the queue, the waiting line at the box office, for 
example. In a river system the water in a reservoir is 
the queue. The inflows into the reservoir are the addi- 
tions to the queue. The releases from the reservoir are 
the ticketholders moving through the turnstiles. 

Our combined model, in which this factor is added, deals 














































with hydrology as follows: First, you find from the hydro- 
logic record the annual mean flow and the mean flow for 
the seasons or months with which you’re going to work. 
Second, you identify the year-to-year fluctuations around 
these means—identify them in terms of statistical measure- 
ments. The model calculates the reservoir storage needed 
to convert these seasonal means into useful output. This 
it does by computing the annual fluctuations in reservoir 
content, occasioned by the mean flows and the specified 
seasonal withdrawals. This is, in effect, the deterministic 
component. For the stochastic component the model 
calculates the additional storage needed to deal with un- 
predictable year-to-year fluctuations around these means. 
This it does rather simply by taking account of the stand- 
ard deviations of the seasonal inflows. I don’t pretend 
to understand why this is so, but apparently taking ac- 
count of standard deviations, which are very simple to 
calculate, is almost enough by itself, without resort to 
more complex statistical measures, to allow for the sto- 
chastic element. Thus we can get the optimum design 
for the Simple Valley project with provision for overyear 
storage and stochastic variations in hydrology. And if 
we learn to solve more complex systems, such as the pro- 
totype, by quasi-linear programing on a deterministic 
basis, we can also solve them on a stochastic basis. * * * 
(The advantages and limitations of both approaches are 
then discussed, and a conclusion reached that a combina- 
tion of the two methods may yield a more efficient approach 
than either one alone. Maass summarizes as follows.) 


The total strategy 


Now, to recapitulate. We have simulated the river- 
flow, with structures and outputs, on the digital computer. 
In this, we have done little more, conceptually, than follow 
existing planning procedures, but instead of doing hand 
studies of just a few alternatives we can, by machine, 
examine hundreds. But we were not satisfied, even with 
powerful techniques like random sampling, to select the 
combinations of variables to be examined, that we would 
reach our objective efficiently. We have therefore sought 
to skeletonize or to simplify the problems to see if we can 
thereby, using mathematical models, approach in one and 
the same operation optimum sizes of structures, optimum 
operating procedure, optimum outputs, and, of course, 
optimum net benefits. Now assuming the mathematical 
models work, they are an adequate strategy for design of 
simple systems. But for more complex systems, perhaps 
even for the prototype * * * the mathematical models 
are likely to give an approximation only, or what we should 
call a good first fit. And with this good first fit we should 
then proceed to the machine and set up the simulation to 
improve on the first approximation. * * * The operating 
procedure which we program—the instructions we give to 
the machine on how it is to operate the system, when to 
store and release—will be optimal or near-optimal 
because we will have worked it out in the mathematical 
model. And the combinations of variables which we select 
for machine studies will be similarly in the region of the 
optimum because that region will have been indicated by 
the mathematical model, * * * 
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AppEnpix 5 


SyntHEetTic HypRoLoGy AND Prosasiuity ANALYSIS 


Past water development planning has relied mainly on 
history of flow as recorded by stream gages for its engineer- 
ing hydrology. The planner finds that such records are 
less than adequate for projecting the course of hydrologic 
events in the future for three reasons: (1) The record may 
be too short to provide a reliable sample. As Leopold has 
noted, ‘“‘A streamflow record represents a time sample out 
of an indefinitely longtime period.”’.! Many North 
American stream records do not present a long series. 
Fifty years’ data comprise a long record here, and many 
stream reaches have shorter series. (2) There is no 
assurance that during any succeeding period of the same 
number of years as the record total runoff will be the same 
as that of the record. (3) There is no assurance that the 
sequence of hydrologic events within the historical period 
will be the same during any future period as that of the 
period of record. 

Attempts are being made to lessen the handicaps of the 
planner in these respects by the application of statistical 
analysis and the construction of synthetic data series. 

Probability analysis has been applied to the first two of 
the handicaps attached to the use of historical records. 
This analysis is the application of statistical techniques so 
as to give quantitative indications of the likelihood that 
given events will occur at a particular time, or within a 
stated period, in the future. By these means Leopold 
has shown that the flow means of periods as long as 200 
years may still have a significant variability, although the 
variability of so long a period is less than that of periods 
of shorter duration. He has also shown, as he explains: 
‘‘* * * the tendency toward persistence in meteorologic 


1 L. B. Leopold, “Probability Analysis Applied to a Water Supply Prob- 
lem,” Geological Survey Circular 410, p. 2. 


and climatic events leads to a larger variability of mean 
values than if the same events occurred in random order.” 2 
Thus total flow over given periods has a probability of 
varying within measurable limits, those limits correspond- 
ing to the length of the period analyzed. Accordingly, by 
the use of statistical techniques it is possible to obtain from 
any flow record of reasonable length some quantitative 
indication of the likelihood of future patterns of runoff in 
a stream. 

Synthetic hydrology applies statistical techniques to the 
generation of data which may be used with greater confi- 
dence than simple historical series in projecting the se- 
quence of future flows. An experiment with such hydrol- 
ogy has been part of the Harvard program described in 
appendix 4 above. Maass and Hufschmidt describe their 
method as “serially correlating the mean monthly flows, 
and applying appropriately sized random components to 
the new systematic base provided by the correlations. In 
this way synthetic monthly flows can be generated for as 
long a period as desired; and as many as 500 to 1,000 years 
can be run relatively quickly on computing machines.* * * 

“The synthetic data, which would then be used as input 
in any method of analysis, should give superior information 
for design purposes on the range of the number and severity 
of shortages and floods which may occur over the economic 
life of the system and on the range of expected benefits to 
be produced by the system in its economic life or any part 


thereof.”’ 3 


2 Leopold, op. cit., p. 11. 
3 A. Maass and M. M. Hufschmidt, “In Search of New Methods for River 
System Planning,” Journal of the Boston Society of Civil Engineers, 
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Reasons For an Economic ANALYsIsS OF WEATHER MopIFIcaTION ! 


An economic analysis of weather modification from a 
public point of view is not only desirable, but essential. 
The following reasons may be considered for such analysis: 

(1) Present weather modification techniques have a wide 
territorial scope which makes it impossible to satisfy de- 
mands for such modification on a limited, discrete basis. 
The limits of their incidence appear to be only those of the 
drainage system or systems within which a given operation 
is conducted. Some techniques of the future may be even 
less discrete in their territorial range than those of the 
present. This means (a) that individuals, corporations, 
or institutions other than the ones primarily interested in 
the benefits of weather changes will be affected by the pro- 
cedures used, and (b) such benefits as accrue to others can- 
not be recovered monetarily by the initiators of the project. 
For example, cloud-seeding operations undertaken for the 
account of a utility company with hydroelectric facilities 


1 From the author’s “Design Study for Economic Analysis of Weather 
Modification,” Advisory Committee on Weather Control Final Report, II, 
1957, pp. 235-245. (Some minor revisions are included.) 


will affect the water balance of an entire drainage basin. 
But since the benefits of precipitation to others are not re- 
coverable by the utility, the scale of operations undertaken 
may not be the economically appropriate one. Conceiv- 
ably, the operations might not be undertaken at all because 
of insufficient direct benefits to the utility, even though re- 
imbursement of benefits to others would make it worth- 
while. 

Information about these areawide costs and benefits is 
inadequate at this time. Appraisal of areawide costs and 
benefits is needed background for decisions on administra- 
tive structure, legal regulations, and supporting economic 
organization for application of these techniques. 

(2) The same forces which create benefits to others 
than those directly financing weather modification also 
tend to create disbenefits which do not enter directly 
into the cost-benefit calculations of the individual firm. 
A form of weather modification which benefits an electric 
utility company may create disbenefits for a geographically 
adjacent recreation facility. Similar adverse effects may 
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be created for other enterprises which would have exper- 
ienced different weather if the modification procedures 
had not been undertaken. * * * 

(3) Several of the economic pursuits which potentially 
may be benefited most by weather. modification are 
partly public responsibilities. These include transporta- 
tion services, flood control, hydroelectric power produc- 
tion, irrigation water supply, and municipal services. 

Where precipitation is the desired result, the benefits 
from weather modification will become economically 
usable mainly through works which must be constructed 
or maintained at considerable cost, like storage reservoirs 
or aqueducts. A number of these are within the domain of 
public administrative interest, both in construction and in 
operational management. Furthermore, alternative in- 
vestments or alternative activities yielding the same 
services as weather modification may be possible. Such 
may be water recycling, use of saline water (either natural 
or demineralized), or transportation of water from water- 
surplus regions to water-deficit regions. Such develop- 
ment also is a matter of public interest. 

In view of these facts, the public has a valid interest 
in research and development of new techniques for 
supplying these established public services, in the same 
fashion that a private manufacturer must keep current 
on new techniques for supplying his products. 

In pursuing these studies, analysis of potential benefits 
and costs will be helpful in deciding upon: (a) The extent 
of public financial support for further experiment. 
(b) Priorities for application of available techniques, both 
functionally and geographically. (c) The design of 
further physical experimentation. 

(4) During the period of continued experiment in the 
application of weather modification the public should be 
protected by having available studies assessing total 
costs and possible or actual composite benefits from these 
operations. It should not be forced to rely wholly on 
the sales literature of commercial operators. At the 
same time studies of composite results should be of 
interest to the operators themselves. * * * 

Design of studies treating the economic effects of 
weather modification should be undertaken in the light 
of three distinct levels of weather-control potentiality. 
Studies can be made of: (1) The economics of near-future 
practical application; (2) the economic opportunity for 
the application of known techniques, their refinements, or 
descendants; and (3) the economic implications of divert- 
ing, phasing, or otherwise changing the character and 
movement of continental airmasses, willfully or involun- 
tarily. 

Near-future practical application.—Essentially this would 
be study of the area within which functionally and 
geographically known techniques and their probable 
refinements may be applied. This has been suggested 
specifically enough in meteorological evaluations of 
weather control to define this level, although description 
of their range of application is still somewhat generalized. 
Within this level, quantitative economic evaluation in 
some detail appropriately might be sought. The physical 
techniques here of concern are local modifications of local 
weather events. They embrace snow and rainfall in- 
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creases, fog dissipation, hail suppression, and lightning 
and forest-fire suppression. 

Economic opportunity for the application of known 
techniques.—The second level is that of economic oppor- 
tunity for the application of known techniques, their 
refinements, or their technical descendants. This would 
be the field lying outside the area of application considered 
practical geographically and functionally for known 
techniques in the near future. An illustrative component 
of analysis at this level would be flood damage from 
continued intensive rainstorms on stationary fronts. The 
physical techniques concerned would still be local modifi- 
cation of local weather events, but applied over a much 
wider range of meteorological conditions, and over a 
wider geographical area than in the first level. Such 
extension probably depends upon improved knowledge of 
cloud physics and atmospheric thermodynamics. 

Economic considerations related to the character and move- 
ment of continental airmasses.—The} third level would be 
the most generalized, and would apply (presumably) to a 
more distant future than the second level. This is the 
field within which the effects of far more sweeping mastery 
over weather events might be achieved. The techniques 
in this instance differ from those of the first and second 
levels. They are the possible means of diverting or 
phasing the great air mass movements directly respon- 
sible for many weather phenomena on the earth’s surface. 
They are of hemispheric scope, and truly revolutionary. 
This, in fact, should be described not as weather modifi- 
cation but as climate modification. 

This level of study also might include some appraisal of 
the range of economic effects to be expected if the presence 
of radioactive particles, excessive carbon dioxide, and 
other air-polluting substances physically affect the weather 
and climate of the country. 

The inclusion of this level of study is considered im- 
portant because of the very great economic effects which 
would certainly follow revolutionary weather events. 
The implications for economic policy decision are, of course, 
profound, and exploration of the economic interrelations 
involved cannot commence too early. 

* * * * * 


Desirable objectives of an economic study.—Recognizing 
a probable need for obtaining conclusive results on a 
modest budget, for representative coverage, for the treat- 
ment of a variety of economic pursuits, and for differentia- 
tion of present and potential techniques, several criteria 
for the selection of analytical procedure are suggested: 

(1) Quantified results should be produced. Such re- 
sults would appear possible for the first and second of the 
three levels of weather modification potentiality men- 
tioned above. 

(2) Results should be representative of as broad an 
area as possible, within the limits of technical validity. 

(3) To the extent possible, results should be easily 
translatable into public understanding of the potentialities, 
limitations, and policy problems facing the growth of 
weather modification. 

(4) The procedure should be capable of sifting complex: 
interrelations for net results, avoiding gross benefit-direct 
cost comparisons, 








(5) The procedure should be capable of taking into 
account institutional modifications of normal economic 
processes. This is particularly important in the area of 
water use, and within those parts of the United States 
where prior appropriation is the water law. 

(6) The procedure should be capable of proper appraisal 
of the multiple effects of weather modification. Again 
this is of particular importance in the field of water use. 
Even more than for water development based on natural 
supplies, the likely benefits depend upon the manner in 
which the water is used, and the way in which streams 
are managed to produce the services which water can give. 
Onsite benefits (and disbenefits) have been relatively 
easily calculated in previous water development, but it is 
not certain that the same degree of discreteness will apply 
to weather control. One important question which must 
be answered is the extent to which cloud seeding denies 
water to one geographical area at the same time that it 
provides it for another. Also, once the water becomes 
runoff, a definite pattern of use must be assumed, or cal- 
culated, for the water, including (in the West) the existing 
water priority requirements. Ample allowance should be 
made for the economic effects of conflicting proprietary 
interest favoring less than optimum total benefits. 


(7) Insofar as possible, the procedure should be de- 
signed with a view toward continued application, indefi- 
nitely, to weather modification problems. As such, it 
should be flexible, and suitable for application to a geo- 
graphical unit of any size, and to any economic function. 
It should be carefully reviewed for adherence to the funda- 
mentals in modern economic analysis. 

(8) Insofar as possible, moreover, the procedure should 
aid in distinguishing those areas of future experiment, 
operation, legislation, regulation, and other activity suit- 
able for public action, as well as those suitable to the 
judgments of the marketplace. * * * 

The policy value of research on economic implications of 
weather modification and weather change-—Whether the 
influence of revolutionary weather changes may be for 
gain or loss, the full extent of the economic considerations 
surrounding national or international decisions that may 
have to be made in the future should be known. They 
cannot be fully known if they are to be the subject only 
of overnight emergency appraisals. Accordingly, even 
though many important assumptions must enter studies 
of this kind, their substantial value as compared to 
emergency speculations would seem to weigh heavily in 
favor of attention to them. 





APPENDIX 7 


Summary Eva.LuaTION oF KNowN TECHNIQUES FOR DISCOVERY AND APPRAISAL OF GROUND-WATER Deposits ! 


The succeeding discussion gives a summary evaluation 
of the effects of certain geophysical and other techniques 
for locating and appraising ground-water supplies. The 
techniques include seismic refraction and _ reflection, 
resistivity surveys, induced electrical polarization, aerial 
photography interpretation, resistivity logging, sponta- 
neous potential logging, gamma ray logging and neutron 
radiation measurement, temperature logging, borehole 
diameter logging, flowmeter logging, fluid conductivity 
logging, and the use of radioactive isotopes in appraising 
natural underground water movement. 

Many geophysical methods developed in the last few 
decades are useful in ground-water exploration and 
appraisal. There is no single technique which is universally 
applicable or which provides the basis for obtaining all of 
the information pertinent in such analysis. Rather, each 
is limited both in terms of the interpretative results which 
can be derived from it and with regard to the geologic 
conditions and other circumstances under which it can be 
employed. In most instances, the reliability of the infor- 
mation obtained is additive, and it is consequently desir- 
able to employ several techniques simultaneously. Not 
only is confidence in the results thereby increased, but the 
range of usable information is augmented. While it can 
be concluded that there are no serious limitations upon 
current technical capacity to locate and analyze ground- 
water occurrences, questions must be raised with regard 
to the practical availability of these techniques. The 
prevailing cost of adequate electric logging, for example, 
may run to about half the average cost of domestic wells. 


1 Adapted from Ackerman and Lof, op. cit., pp. 403-406, with the permis- 
sion of the Johns Hopkins Press, minor revisions are included. 


Application of the other techniques also is costly. In 
almost every instance the equipment must be manned by 
skilled and experienced personnel; careful comparative 
studies are then required for practical and reliable results. 
These costs are amply demonstrated in the experience of 
prospecting for petroleum, a much more valuable com- 
modity than water in our present economy, per unit of 
weight or volume. 

The costs of prospecting and evaluation are not serious 
where deposits of large volume, like the deposits of the 
High Plains, occur at relatively shallow depths (i.e., 
within 500 feet of the surface of the land). Costs also 
are not a serious deterrent where there is need for accurate 
information on the capacity, behavior, and probable life 
of a large aquifer serving a concentrated demand, as 
in the vicinity of a large metropolitan area. There is thus 
little doubt that these techniques of exploration and 
evaluation will be applied successfully and profitably to 
the known but incompletely evaluated aquifers. Included 
among them will be: (1) all from which significant amounts 
of water are withdrawn to meet metropolitan and industrial 
water needs; (2) the bolson, alluvial fan, and lava bed 
aquifers of the West; (3) the Atlantic and gulf coastal 
plain sediments; (4) the known major aquifers of the 
Great Plains; and (5) the Mississippi and other alluvial 
valley sediments of the Eastern States. Planning for the 
use of these aquifers on a more permanent basis should be 
possible, almost certainly with the addition of substantial 
water supplies not now exploited. 

Beyond the benefits from more precise definition of the 
known aquifers of some capacity, the potential additions 
to our water supply from application of these techniques 
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of exploration and evaluation are doubtful. Their cost 
makes them of limited value in locating and evaluating 
low-capacity aquifers which can meet dispersed local 
demands. At the present time farm and nonfarm rural 
wells comprise 96 percent of all ground-water installations. 
A great majority of these, and of the annual new con- 
struction, is made up of wells having a daily yield of 
about 400 gallons. Most of them also are owned by 
families, and pumped for domestic use. In candor, it 
must be admitted that dowsing (or ‘‘water witching’’) 
is still holding its own in the popular mind as a technique 
of exploration for ground water on this scale. In places, 
however, the new techniques have been applied success- 
fully in locating even small domestic wells. This has been 
the case with respect to seismic prospecting in New Eng- 
land. The surface techniques may be of most assistance 
in this respect because they are the lowest in cost. How- 
ever, their applicability is almost certain to be geograph- 
ically limited. 

Rural ground-water use cannot be dismissed as unimpor- 
tant on the grounds of small installations. About 50 
million American people are served by rural and suburban 
wells. This is 28 percent of the total population of the 
country. 

Perhaps of even greater interest is the capacity of the 
new techniques to explore for and evaluate water deposits 
lying deeper within the earth than most of the important 
known aquifers. Experiences with exploration for and 
discovery of petroleum illustrate that the technical capac- 
ity for such discovery and evaluation certainly can be 
developed, even if it does not exist at this time. There 
is little doubt that the physical range of our knowledge 
and definition of groundwater deposits can be expanded 
greatly. Although the new techniques may penetrate 
thousands of feet into the surface structures, there will be 
some limits to practical interest in the results from their 
application. The present practical limit in the United 
States appears to be the maximum depth from which water 
has been pumped from rest levels for a large-scale use and 
as a marginal unit of supply. This is about 1,000 feet, as 
practiced in recent years in the Salt River Valley of 
Arizona.’ 

Between 500 to 600 feet and 1,000 feet there is ample 
room for exploration and discovery. Beyond the 1,000- 
foot depth, however, energy and capital costs of lifting the 


2 However, greater lifts may be found in other parts of the world. Lifts of 
2,300-4,000 feet are reported in Australia, Israel, Northern Mexico, and North 
Africa. (A. Loehnberg, letter to the author, March 3, 1960.) 








water to the surface appear to be high enough to make 
present exploration of limited interest and limited economic 
importance for agricultural supplies and small-scale wells 
(e.g., for domestic supply) unless there are further favorable 
changes in energy costs or the efficiency of pumping equip- 
ment. A different situation may be foreseen for produc- 
tive deep-lying aquifers which could be exploited for 
municipal and industrial supply. In these latter instances, 
high exploration and drilling costs can become minor 
factors if water production is high. Total costs of lifting 
water even as much as 2,000 feet would not exceed present 
total water costs in many localities, provided the aquifer 
can support a well with a-million-gallon-per-day capacity. 


The future value of the new techniques may be sum- 
marized thus: 

(1) They will be of considerable value in delimiting, 
understanding the behavior of, and defining the char- 
acteristics of known aquifers. 


(2) The techniques will be of limited value in appraising 
the small-scale supplies needed to meet additions to 
dispersed rural demands. Surface techniques may be of 
some local assistance in such appraisal. 


(3) They will be valuable in further exploration for 
ground water within the future economic range of pumping 
(probably about 1,000-3,000 feet, depending on produc- 
tiveness of the aquifer). 


(4) The desirability of their use in exploration for deep- 
lying deposits will vary considerably by region. Further 
exploitation of ground-water deposits must be weighed 
against other potential sources of new supply. Through- 
out the East deep lying deposits may be judged to have 
little economic significance indefinitely in the future, 
except in a few localities of extremely intensive demand. 
Within the West the prospect of desalinization, weather 
modification, and long-distance transportation of water 
must be considered as alternatives to use of deep-lying 
ground water. Competition between desalted sea water, 
augmented precipitation, and deep ground water may be 
particularly evident in all the Pacific Coast States. Within 
the Rocky Mountain States (Idaho, Montana, Colorado, 
in particular) weather modification promises some cheaper 
supplemental water. Within the Great Basin and the 
Great Plains, however, there may be reason for careful 
assessment of the underlying ground waters, to considera- 
ble depth. It is within these regions that the new tech- 
niques may have their most important exploratory appli- 
cation in the near future. 





APPENDIX 8 


WaTER BUDGETING AND IRRIGATION ! 


Reuse of water already is common in Western United 
States irrigation. This type of reuse is not the onsite 
type being developed within industry, but is the return 
flow reuse within a watershed. There also may be some 


1 From Ackerman and L&f, op. cit., pp. 442-450. Reprinted with permis- 
sion of the Johns Hopkins Press, 


recycling of ground water used for irrigation because of 
deep percolation back to the aquifer from which the 
supply is being withdrawn. But there appears to be little 
opportunity for reuse completely within the producing 
agricultural unit, or farm, in the manner of onsite industrial 
recirculation. However, the possibility of more efficient 
















































techniques of applying water to the production of crops 
shows promise of assisting water conservation within 
agriculture. A scheduling technique, water budgeting in 
irrigation, will be discussed as an example. 

Deficiences in soil moisture are experienced regularly 
at sometime in virtually all of the agricultural regions of 
the United States. Although there are substantial 
returns to be derived from eliminating or minimizing 
them, the profitability of using portable irrigation equip- 
ment varies greatly with the extent and frequency of these 
deficiencies. Other factors must be considered in evalu- 
ating the practice, such as the availability of suitable 
supplies of water, pumping costs, and equipment costs. 
However, the value of irrigation is rapidly being demon- 
strated for field crops as well as for row crops, and its ac- 
celerated use in the humid areas of the country is one of 
the significant developments in present-day agriculture. 

There remains, however, the crucial problem of deter- 
mining how to make the optimum use of irrigation facilities. 
To employ them effectively, a farmer needs to know when 
his crops require additional water, and he has to have some 
basis for ascertaining how much to apply. While de- 
ficiencies of soil moisture seriously limit plant growth, an 
excess of water also is undesirable. Overirrigation wastes 
otherwise usable water and causes unnecessary expense; 
it leaches plant nutrients from the soil, prevents proper 
soil aeration, and may contribute to erosion. 

Agronomists generally agree as to the conditions of 
available soil moisture which are most conducive to plant 
growth. There are two “bench marks” or soil-moisture 
constants which have long been recognized: “field ca- 
pacity,” the maximum amount of water than can be 
retained against gravity and thus held in storage within 
the soil profile; and the “wilting coefficient,”” or permanent 
wilting percentage. The latter is the soil-moisture con- 
tent at which the supply in the root zone is so low that 
plants cannot withdraw water from the soil. Wilting 
results, and the plants are unable to recover turgidity. 
Highest crop yields are reported to be obtained when the 
available soil moisture does not drop below 25 percent 
nor rise above 90 percent of field capacity. 

Although the optimum range of soil-moisture conditions 
can be identified, the problem of determining the actual 
moisture conditions of the soil has persisted. Because 
this task is so difficult in practice, irrigation water is fre- 
quently applied in accordance with various rule-of-thumb 
guides. In many western irrigation districts, for example, 
irrigation may be scheduled so as to insure the delivery of 
a specified amount of water to the root zone of the crop 
each week, irrigation water being used to compensate 
for the deficiencies of rainfall. However, such a procedure 
makes no allowance for the changes occurring in water 
need as the growing season progresses. More often, 
water is applied when signs of moisture deficiency are 
recognized in the growing plants. This procedure is also 
inadequate, for by the time plants begin to show moisture 
deficiency, they are already suffering and yields have 
accordingly been depressed. 

Irrigation water is used most efficiently when its applica- 
tion is timed so accurately that imminent deficiency of 
moisture within the soil can be avoided. The time of 
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water need, it follows, must be determined from the actual 
soil-moisture conditions existing within a particular locality 
at a given time. Over the years, many techniques of ap- 
praising and measuring the moisture content of the soil 
have been developed. They range from examination of 
soil samples removed by augers or similar tools, to use of 
tensiometers of several types,? and of instruments employed 
to detect the speed with which fast neutrons emitted from 
a radioactive source pass through soil. While several of 
these instruments have considerable significance as research 
tools, none appears to be both sufficiently reliable and 
simple to be of practical assistance to the irrigator. 

In recent years an entirely different approach to this 
problem has been developed, by which commonly available 
climatological data are employed to determine the occur- 
rence and the extent of deficiencies in the supply of soil 
moisture available for plant growth. During the last 20 
years several variants on this approach have appeared, 
yielding similar results in practice. The principal differ- 
ences among the techniques are those converting the 
climatic data into estimates of soil moisture loss. The 
better known among the techniques are the Thornthwaite 
method, the Blaney and Criddle method, and the van 
Bavel-Penman method.‘ The succeeding description is 
based on the Thornthwaite method. Dr. Thornthwaite’s 
study of the problem of such conversion is among the long- 
est and most consistently applied in the United States. 


Unless there is a large amount of deep percolation, the 
moisture in the soil can be regarded as a balance between 
precipitation input, and the outgo in evaporation from the 
soil surface, transpiration by plants, and runoff. The 
quantities of water added to the soil can be determined 
readily through rain-gage measurement, as can runoff 
through stream gages. If the losses due to the combined 
effect of evaporation and transpiration can be ascertained 
with comparable ease, the available supply of moisture in 
the soil at any time could be determined by means of a 
simple accounting procedure. The resulting information 
regarding soil-moisture conditions can then be used to 
schedule irrigation, water being applied in an amount 
sufficient to bring soil moisture back to the optimum level 
whenever it becomes significantly depleted. 


The first step in the water budget technique is to calcu- 
late the amount of water that would be transferred from 


2 Tensiometers measure the electrical resistance of soils, which varies with 
their moisture content. 

8H. R. Haise, “How to Measure the Moisture in the Soil’; “Water,” the 
Yearbook of Agriculture, 1955, U.S. Department of Agriculture, Washington 
1955, pp. 362-371. 

4C. W. Thornthwaite and J. R. Mather, “The Water Budget and Its Use 
in Irrigation”; “Water,” the Yearbook of Agriculture, 1955, pp. 346-358; 
H. F. Blaney and W. D. Criddle, “Determining Water Requirements in 
Irrigated Areas from Climatological and Irrigation Data” (Technical Pub- 
lication 96), U.S. Department of Agriculture, Soil Conservation Service, 
Washington, 1952; C. H. M. van Bavel, “Estimating Soil Moisture Condi- 
tions and Time for Irrigation With the Evapotranspiration Method,” U.S. 
Department of Agriculture, Agricultural Research Service, and North 
Carolina Agricultural Experiment Station, Soils Department, Raleigh, 
N.C.,, 1957 (revised). Van Bavel has recently published several descriptions 
of the regional application of his method; e.g., C. H. M. van Bavel and J. J. 
Lillard, “Agricultural Drought in Virginia” (Technical Bull. 128), Virginia 
Agricultural Experiment Station, Department of Agricultural Engineering, 
and U.S, Department of Agriculture, Agricultural Research Service, Blacks- 
burg, Va., 1957. 
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the soil to the atmosphere by evaporation and transpiration 
if abundant moisture were constantly available in the soil 
for the use of vegetation. This is potential evapotranspira- 
tion, in contrast to the moisture actually transferred by 
evaporation and transpiration. The rate of actual evapo- 
transpiration depends upon five factors: weather, supply 
of soil moisture, plant cover, soil type and structure, and 
land management. However, the amount of potential 
evapotranspiration is estimated‘by ‘analysis of. only two 
climatic factors, the intake of solar radiation by plants and 
the soil surface, and to a lesser extent the temperature of 
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the layer of air adjacent to the soil surface.’ By use of 
an empirical formula, the changing rate of potential evapo- 
transpiration throughout the year may be computed for 
any locality for which temperature records are available. 
Comparison of the amount of actual precipitation with 
the changing rate of potential evapotranspiration through 
the seasons will then indicate the amount and the time of 
soil-moisture surplus and soil-moisture deficiency. 


5 See C. B. Tanner, “Factors Affecting Evaporation From Plants and 
Soils,” Journal of Soil and Water Conservation, 12 (1957), 221-227. “* * * 
We should look for those factors which affect the latent heat exchange at the 
surface. This is evapotranspiration.” 
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Figure I.—Annual march of precipitation and potential evapotranspiration at Seabrook, N.J. 
Ackerman and L#f, op. cit., page 446.) 


Although its application is subject to some uncertainties, 
the concept of potential evapotranspiration is proving to be 
a useful analytical tool. Because the rate of actual evapo- 
ration and transpiration is limited by the supply of 
moisture available in the soil, at sometime during the 
year it is almost certainly less than the rate of potential 
evapotranspiration, the amount of the difference indicating 
the extent of the soil-moisture deficiency. The situation 
in various parts of the country has been represented in 
synoptic form by Thornthwaite in what he calls the annual 
march of precipitation and potential evaporation (fig. I). 

At Seabrook, N.J., the potential evapotranspiration is 
negligible during the winter months, but it rises rapidly in 
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the spring, reaching a peak of more than 6 inches in July, 
and then declining sharply in the autumn. The occur- 
rence of precipitation is far more evenly distributed 
throughout the year. It can thus be seen that a water 
deficit occurs during the summer months in this area, while 
in the autumn water need falls below precipitation. After 
the excess rainfall has replaced the soil moisture previously 
used, a water surplus is experienced. 

When the soil moisture is at field capacity, actual and 
potential evapotranspiration are equal, and the amount of 
precipitation in excess of the potential evapotranspiration 
rate then serves either to raise ground water levels or is 
released as surface and subsurface runoff. When the 








potential evapotranspiration rate becomes greater than 
precipitation the following spring, soil-moisture storage 
is drawn upon for actual evapotranspiration. However, 
the soil becomes progressively drier during the summer 
months. When the moisture content reaches a point 
where water is no longer available to plants in an amount 
necessary for optimum growth, actual evapotranspiration 
becomes less than potential evapotranspiration. This 
is the water deficit. 


~ * * * * 


This general procedure can be used as a practical aid in 
scheduling irrigation. Actual daily climatological values 
are employed to evaluate soil moisture conditions instead 
of monthly means of temperature and precipitation. A 
day-by-day inventory of the moisture in the soil can then 
be maintained by a simple accounting procedure in which 
the losses through evapotranspiration are debited and the 
additions through precipitation during the growing season 
are credited. The starting point for the “moisture ac- 
count” may be taken as the soil moisture present at the 
beginning of the growing season for the particular crop. 
This may be at “field capacity,” a condition when the soil 
contains no surplus of gravitational water and no deficit 
of capillary water. If precipitation occurs when the soil 
is at field capacity, the additional supply of moisture is 
rapidly lost by downward percolation, or lateral move- 
ment. The length of time surplus water is retained de- 
pends upon the amount of water and permeability of the 
soil. In the absence of precipitation, withdrawals from 
the balance begin to occur as the store of soil moisture is 
depleted by evaporation and transpiration. At this time, 
the amount of actual and potential evapotranspiration is 
the same. The balance is decreased by the amount of 
moisture loss, computed by a formula for potential evapo- 
transpiration. When the soil begins to dry out, it becomes 
progressively more difficult for additional water to be 
expended by evaporation and transpiration. 


* * * 7” * * * 


The methodological basis of this technique for main- 
taining a daily water budget has here been outlined, but 
in practice the procedure has been simplified by the prepa- 
ration of irrigation guides or tables for different localities 
which facilitate determination of the withdrawals from 
the soil moisture balance under varying moisture condi- 
tions. The resulting information is then employed di- 
rectly in fulfilling an irrigation schedule. (Fig. J.) This 
schedule indicates the amount of moisture to be applied 


to the soil and the timing of the application so that soil 
moisture deficiency does not drop below undesirable levels. 
As practiced, this technique of irrigation depends not 
only on water balance calculations, but also on considera- 
tion of root depth of the crop being grown, soil type, and 
the economic and technical feasibility of irrigation prac- 
tice. Irrigation water is applied whenever the soil moisture 
balance becomes depleted to the predetermined significant 
level, the water “inventory’”’ thereby being increased by 
the appropriate amount. Shallow-rooted crops must be 
irrigated more frequently, but require smaller amounts of 
water than deeper rooted pastures or orchards. The 
growth cycle of the crop is also a factor. Even under the 
same solar and temperature conditions, actual evapotrans- 
piration varies with the changing moisture needs of a plant 
as it grows. An irrigation schedule should therefore be 
adjusted or compensated for these changes in water require- 
ments. 


* * * * * *” * 


The use of an irrigation scheduling technique can affect 
the productive employment of water wherever it is ap- 
plied to crops. It is clear that a relatively accurate 
estimate of the course of evapotranspiration, and its rela- 
tion to the scheduling of water application, will be of 
interest in both eastern and western United States. How- 
ever, the technique is of special interest in the Fast. The 
reason lies in the nature of water deficiencies in the two 
major geographical divisions of the country. The irri- 
gated West is characterized by recurring seasonal deficien- 
cies, with very little and uncertain supplies of moisture 
from the atmosphere during the growing season. In this 
situation irrigation may be planned on a seasonal basis, 
once the water requirements of the crop are known. It is 
likely that a fair adjustment already has been made in 
western irrigation areas between the water applied to crops 
and the potential evapotranspiration. Thornthwaite 
reported in 1953 a very close correspondence between the 
observed consumptive use in 12 western irrigation areas 
and the computed potential evapotranspiration.® 

This does not mean an absence of overwatering in the 
West, for there are instances of applying larger amounts of 
water than needed by crops. However, this is known to be 
related in many cases to the need for preventing an 
accumulation of salts in the soil. 


*C, W. Thornthwaite, “The Place of Supplemental Irrigation in Postwar 
Planning,’’ Laboratory of Climatology Publications in Climatology, vol. VI, 
No. 2, Seabrook, N.J., 1953, pp. 18-19, 
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APPENDIX 9 


THERMAL-ELEcTRIC GENERATION CORRELATION OF ErFicieNncy Wits Size or UNIT AND S1zzB OF PLANT 


Total costs of generating a kilowatt-hour of electricity 
in thermal] plants vary with a number of factors, including 
age and design characteristics of equipment. The follow- 
ing data are intended to represent as nearly as possible 
some of the relations of size of generating unit and size 
of individual plant with efficiency. It is recognized that 
these data are highiy generalized and that local factors 
may cause considerable variation in the quantitative re- 
sults here indicated. For example, local temperatures of 
cooling water influence efficiency. However, in spite of 
these variations, the correlation between size and degree 
of efficiency is still very clear. Perhaps the best quanti- 
tative indication is that of the comparative net heat rates 
of generators of different sizes. This is given in the fol- 
lowing table: 


Typical net heat rates, thermal-electric generators, 5,000- 
450,000 kilowatts 
Bi.u.’s per na 


Generating capacity of unit, in megawatts: kilowatt-hour ! 


Dicknepunenettitedsib-teadncanimeacnsenns aden 15, 500 
Mividsibisitijnsiinecavbibimeonanexecs ans 15, 200 
ES ee 13, 250 
il: did iit eiceneetaednennsenades 12, 500 
i ee 12, 200 
CE cndiiinsinme th detentutninegeodetibgaese 11, 500 
Teall btnne-cepdnigndnd beltccQhe <deckge tee 10, 300 
Dini detiencsanashpademdsntiedn-emewinin esa « = iiss 10, 000 
Pee ncnkdtendmethnndnetiinuehapnnaepuandet 9, 700 
eile ciedirtats Dadabenpoak vpmgen 9, 500 
Penckcl inthdipenttihacinitmapedtiviolintndend = ogg ts 9, 300 
ins tine dieanciibedinsqicattpensecn 9, 200 
Pe vciinnsdieemp na dinttedalsmntine= made 9, 000 
Ph Gn thuntie ne cw neiddinanh= esse 8, 500 


1H, E. Roberts, “Trends in Power Generation—Lessons for Nuclear 
Engineers,”” Nucleonics, vol. 16, No. 7 (1958), pp. 76-79. 


For operation and maintenance costs, the biggest rela- 
tive gains in efficiency can be achieved by increasing the 
size of generating unit. Although some gains may be at- 
tained with multiple-unit plants, they do not affect oper- 
ation and maintenance costs nearly as much as size of 
generating unit. This is apparent from the following 
data provided by Roland A. Kampmeier, assistant mana- 
ger of power of the Tennessee Valley Authority:! 


1 Pe sonal communication from Mr. Roland A. Kampmeier, Tennessee 
Valley Authority, November 1959. 


Typical thermal electric generator operation and maintenance 
costs per kilowatt-hour, excluding fuel 


[In mills] 











l-unit plant | 4-unit plant 





Unit size, megawatts: 
65 


act ti cs 1.0 0.7 
elie ee SE meanncae 5 .4 
Ge sddindisiensssedeninae th iogccconces .33 a 
For fixed plant costs the reverse is true. Considerable 


savings may be achieved through plant construction of 
multiple units. A number of costs are approximately the 
same regardless of the size of plant. These would include 
land and land rights, access to road or railroad, service 
and office structures, unloading, crushing and storage 
facilities, and station maintenance equipment. Planning, 
geological explorations, plant design, model tests, site 
planning, and review also may be considered relatively 
fixed costs. Cost of this type represent about 25 percent 
of total plant investment for a one-unit plant as compared 
to about 10 percent of total costs for a four-unit plant.! 

The influence of both types of costs as correlated with 
size is illustrated in the data presented by Nucleonics. 


Approximate generating costs of 3 thermal electric generating 


plants ! 
Plant A Plant B Plant C 
Number of generating units. .| 4...........- abiasescens 4. 
Unit size, megawatts. ........ Po pam wediieed 2 150-200. 
rat cost per kilowatt capac- | $200-$250....| $160-$200....| $130-$150. 
ty. 
Operating pressures (pounds | 600.......... Gs dtincsee 2,000. 
per square inch). 
Operating temperatures. - .... GI cncune PF o.cnne 1,000-1,050° F. 
B.t.u.’s per net kilowatt-hour_} 14,000. ......} 12,300.......| 9,200. 
PET sccumminaicesane 80 percent...| 80 percent...| 80 percent. 
Total costs per kilowatt-hour | 11 mills..-.-.- BIE. cones 6.6 mills. 


at long-run plant factor of 
60 percent. 


1H. E. Roberts, op. cit. 


Another indication of total production expenses is given 
in the curves presented for single- and multiple-unit plants 
using 100-megawatt and 225-megawatt units compiled by 
the Tennessee Valley Authority from data given to the 
Federal Power Commission’s “‘Steam-Electric Plant Con- 
struction Cost and Annual Production Expense—1957” 
(fig. K). 
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Figure K.—Total production expenses (excluding fuel) of 100 and 200 megawatt thermal electric generating units 


compared to plant size, based on 800 hours’ use, 1957. 


(Tennessee Valley Authority, Office of Power, 1959.) 
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Tue Use or Nuciear Expiostves IN WATER Resource DEVELOPMENT 


(By Donald Patton) 


Nuclear detonations for purposes of water resource de- 
velopment are among the important peaceful potential 
applications of nuclear energy. The possible use of nuclear 
explosives for excavation, earth moving, and other appli- 
cations in industry has already received considerable 
attention. Much of the present data relating to possible 
industrial uses of nuclear energy have been developed as 
a byproduct of weapons-development programs at the 





Nevada test site of the Atomic Energy Commission, but 
many lines of investigation are only in their initial stages. 

The possibilities and problems of applying nuclear 
energy to water development projects will be considered 
in general terms from three standpoints: the engineering 
possibilities of nuclear explosives: cost comparisons be- 
tween nuclear and conventional explosives; and the heat, 
blast, and radiation containment problems. 




















ENGINEERING ASPECTS 


Nuclear explosives are capable of performing a wide vari- 
ety of engineering operations. Application of nuclear 
explosives to large-scale excavations for dam and reservoir 
construction” should be entirely possible. Other types of 
potential applications include the removal of silt accumu- 
lated in a reservoir.' Promising engineering applications 
of nuclear energy reside not only in the large scale of 
instantaneous energy release possible but also in the fact 
that, unlike ordinary detonations, earth and rock materials 
are both fractured and removed as a result of the blast. 
A single 100 kiloton detonation,? for example, should be 
able to excavate approximately 6.5 million cubic yards 
of material. The earth removal features of nuclear explo- 
sives are thus a key aspect of the potential application of 
this form of energy in future water resource development. 
On the other hand it should be noted that in order to 
perform a given operation while minimizing the radiation 
hazard from a nuclear device it would often be necessary 
to fracture and excavate a larger cubic volume than 
necessary for construction purposes alone. 

One other possible engineering application is in fractur- 
ing deep formations to increase permeability and water 
storage capacity. Conceivably, substantial underground 
storage capacities could be provided by nuclear blasting, 
where none exist now. 


COST ASPECTS 


Sufficient data are now available on the costs of surface 
and subsurface nuclear explosions to permit general com- 
parison with costs of conventional explosives and earth 
movement operations. Bacigalupi gives estimated excava- 
tion costs per cubic yard with the use of nuclear devices 
as follows: 10 kiloton, $0.64; 100 kiloton, $0.12; 1,000 
kiloton, $0.02. In general, nuclear devices become com- 
petitive with conventional means of earth removal and 
earth fracturing at points between yields of 10 and 100 
kiloton, depending on site characteristics and other factors. 
Simultaneous detonations of nuclear devices from several 
points as part of a single operation increase the fracturing 
and removal accomplished per unit of energy released, 
permitting some reductions in unit costs. Approximate 
costs for a 10 kiloton detonation at present prices are 
about $500,000; for a 1,000 kiloton device costs per 
detonation would be only about twice as great, while 
volume of removal would approach close to 70 times as 
great.*4 Thus comparative cost favor nuclear materials 
at higher energy yield levels. 


! Luke J. Vortman, “Earth Moving With Nuclear Explosives,” in “‘Indus- 
trial Use of Nuclear Explosives,” University of California, Lawrence Radia- 
tion Laboratory, Plowshare Series, Report No. 1, September 1958, pp. 45-46. 

2 TNT equivalent, 

* Clifford M. Bacigalupi, “Large Scale Excavation With Nuclear Explo - 
sives,” University of California, Lawrence Radiation Laboratory, January 
1959, p. 11, 

4 Gerald W. Johnson, “Mineral Resource Development by the Use of 
Nuclear Explosives,’ University of California, Lawrence Radiation Labora- 
tory, February 1959, p..7, 


HEAT, BLAST, AND RADIATION EFFECTS 


Future timing and extent of application of nuclear 
explosives will depend primarily on the progress which 
can be made in the reduction of heat, blast, and particularly 
radiation hazards associated with nuclear detonations. 
This latter aspect of nuclear energy is the principal deter- 
rent to its use in the immediate future for water resource 
development. Studies undertaken to date, however, indi- 
cate that problems cf containment are not insoluble. The 
development of means of neutralizing nuclear hazards in 
engineering operations well before 2000 appears to be a 
definite possibility. 

In the use of nuclear explosives for engineering purposes, 
much of the work would be aceomplished by compara- 
tively deeply buried shots. Heat wave release into the 
atmosphere as a result of a nuclear detonation decreases 
rapidly with increasing depth at which the explosion takes 
place, and energy release in the form of heat is not expected 
to be a major problem. Likewise surface blast effects 
and reflected ionosphere blasts will be of minor importance 
in buried explosions. Seismic shock may present a prob- 
lem in instances of larger energy releases.’ 

Nuclear detonation hazards center mainly in radiation 
hazards. Three types of radiation hazard must be con- 
sidered: fallout, fission products trapped in the excavated 
area, and induced radiation in surrounding materials as a 
result of neutron capture. Several aspects of radiation 
hazard reduction already appear promising. Fallout can 
be confined to a small area or reduced to negligible pro- 
portions with more deeply buried detonations, but fallout 
from shallow explosions is almost as great as from surface 
shots. Residues of fission products in the detonation area 
may be reduced by further decreases in the fission-fusion 
ratio in nuclear devices. These ratios have declined sub- 
stantially since the first nuclear explosions. Use of boron 
cappings on nuclear devices to capture neutron particles 
before induced radiation occurs in surrounding materials 
has been suggested. Postdetonation studies at the 
Nevada test site have also revealed that 60 percent to 
85 percent of the gross radiation product was contained 
by glass (silica) present in the particular substrata after 
the explosions.’ Studies in the reduction of radiation 
hazards in peaceful uses of nuclear explosives have only 
begun, and other aspects of radiation containment may 
emerge as work progresses. The problems appear formid- 
able but far from insoluble. 


§ Bacigaluni, op. cit., pp. 8-9. 

6 Johnson, op. cit., p. 3. 

1G. W. Johnson, G. H. Higgins, and C. E, Violet, Underground Nuclear 
Detonations,” University of California, Lawrence Radiation Laboratory, 


July 1959, p. 17. 
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APPENDIX 11 


Tue APPLICABILITY OF COMPREHENSIVE DEVELOPMENT TO THE WATER PROBLEMS OF THE NINE SOUTHWESTERN STarTEs, 
1960-2000 


The existence in 1960 of water supply problems of vary- 
ing degrees of severity in the nine Southwestern States 
already is common knowledge to members of the com- 
mittee. In addition, there appears to be conviction that 
these problems will continue and perhaps intensify during 
the entire period 1960-2000. There is little question that 
heavy expenditure for water supply facilities will have to 
be made in these States if their growth potentialities are to 
be realized, and little doubt that water development effort 
will have to be accelerated. The major questions instead 
relate to the form which development is to take. What 
pattern of public activity is likely to bring the highest level 
of income for the most people within the level of public 
expenditure chosen, whatever the appropriation level? 
What emphasis should be placed on research and experi- 
ment? What kind of construction will be needed? What 
will the objectives of efficient water management be? 

One major conclusion of this report is: A pattern of 
comprehensive development as described herein will 
increase the efficiency of water development in the South- 
western nine States, and may even be mandatory in the 
1960-2000 period. This appendix gives the author’s 
reasons for that conclusion. 


The Geological Survey, in a report to the committee,! 
lists six major water problems as occurring within the 
United States: supply, distribution, quality, pollution, 
flood, and variability. All six are encountered in the nine 
Southwestern States, the only major area of the country 
being so distinguished. Moreover, six of the eight different 
types of quality problems are to be found in various 
districts of these States. They are: silt, industrial wastes, 
irrigation return flow, time variation in dissolved solids 
content, sea water intrusion into aquifers, and hardness. 


THE SUPPLY PROBLEM 


The basic problem of the Southwest is quantity of supply. 
It will be discussed briefly here. It is not easily evaluated, 
for the basic data at hand do not allow a consistent ap- 
proach, and the preparation of a sophisticated statistical 
analysis is a task exceeding the resources available for 
this study. Estimates of the mean runoff for the period 
of record by State are available, but these data do not 
provide the best basis for evaluation or planning. For 
these States arithmetic means may be skewed upward 
by unusually wet years of infrequent occurrence, years 
which have little value for regulation. Among the 
simpler measures, the median runoff (middle item in 
a statistical series) is more likely than the arithmetic 
mean to strike the average of most value to planning 
of regulation. Yet such data are available for only a few 
stations in each State. Moreover, even the means are 
difficult to evaluate in the face of sometimes conflicting 
and often incomplete data. An example is given in the 
available data on runoff for the State of Texas (table C), 
which are more complete than some. The succeeding 





1 Water Resources Division, U.S. Geological Survey, National Water 
Problems,” Washington, D.C., 1959. 


evaluation is based upon hydrologic data of this type, 
and is subject to their limitations. 

The mean annual runoff for the nine States is 196 
million acre-feet.2 More than one-third of this occurs 
within the State of California. Based on an arbitrarily 
chosen sample and extrapolation, a rough estimate of the 
median annual runoff is 150 million acre-feet. With- 
drawal of water for irrigation and all other purposes in 1955 
was about 83.7 million acre-feet.2 Although it is difficult 
to estimate, water disappearance (consumptive depletion) 
was thought to be about 48 million acre-feet.2 Total 1955 
population of the States was 30 million. Per capita 
withdrawals thus were about 2,475 gallons per day, for all 
purposes, including irrigation. (Table D.) 


TABLE C.—4 estimates of stream runoff in Texas 


[Thousand acre-feet] 


Ill. U.S. 
I. U.S. Bu- Il. Texas Geological 
Year reau of Rec- Board of 8 
lamation ! Water Water 
Engineers ? Resources 
Division * 





eee en ee een | meee eee ee eees | sees eeeseeeess 


ee ewe eee ene en | eee eee cee e eee seme esesesecce 








——_e—————L—E 
82, 536 |... 
52, 832 |... 
24, 182 |.... 
56, 694 | ...w2.-cnwcfecccccecceecee 
Fb EEO. becnacsecesgas=hieentiiens 
75, 746 62, 000 79, 360 
38, 637 51, 500 65, 920 
25, 520 28, 200 36, 096 
42, 430 31, 600 40, 448 
49, 592 54, 200 69, 376 
17,017 14, 500 18, 560 
22, 252 19, 400 24, 832 
35, 404 35, 700 45, 696 
15, 984 15, 600 19, 968 
LL nadencanenenetsce encduiitinesmelasionemsnmmesinns 17, 400 22, 272 
Lnoaccecuunnsfenutuceineunegyinnaneaeeasine 11, 000 14, 080 
ceecceaadbcksslocmnsasorseoesagacessunctens 57, 200 73, 216 
44, 150 7 38, 054 1,49, 910 


1 U.S. Bureau of Reclamation, “Water Supply and the Texas Economy,” 
U.S. Senate, 83d Cong., Ist sess., Document No. 57. W: » D.C. 
1953, p. 59. Runoff excludes Rio Grande and portion of Sabine. Comb 
runoff is for Sabine, Neches, Trinity, San Jacinto, Brazos, Colorado, Guada- 
lupe, = ee mee ge prey at gocing points approximately 100 
miles n m gulf coast, a loot con’ 5 

2? Texas Board of hates nae wr of the _—— Asay 4 a 
sources of Texas,”’ graph op te p. 16. ‘exas runo: uding 
cent of Rio Grande, 50 t of Red River plus all of Sabine above Logans- 
port plus 50 percent of inflow into Sabine tole . 

3 Does not include Rio Grande or Red River runoff. 

4 Includes 50 percent of Rio Grande — 50 percent of Red River runoff, 


and all of Sabine River runoff. Estimates for individual years 1946-57 com- 
puted at 128 percent of col. III. Mean computed by the U.S, Geological 
Survey. 

5 1924-50. 

6 1940-54. 


7 Long-term mean computed by the U.S.{Geological Survey. 


3 Ackerman and L&f, op. cit. : 
3 Ackerman and L&f, op. cit., tables 6 and 11. 








Taste D.—Some basic data for evaluating water requirements in the Southwestern States, year 2000 





Mean runoff | 1955, irrigation 
withdrawal 
Million acre- Million acre- 
Jeet per year Jeet 
SIs, ccbbcinivndibcubitetdmictviisoouiiktes 4 25 7.75 
CD .ntcispiminieepinaommibernatmnatd 71. 94 25. 81 
CINE, secre cedsodscnctidubtuncccsacest 22. 80 7.07 
ainda inleledimetatiaainietpenaiggreatie 12 29 . 83 
St . -<huampoaasiigeibnesatphitnomega 3. 54 2.15 
DE COR d cbticnccdbtedcistinciscene 3. 89 2. 82 
NE EE ee 19. 02 . 25 
GI, dbadbelensntincbohubhbdudceecotiscwws: 49. 91 11. 47 
ii ttiicchatinbkneenudétiesestarpesees 8.15 4. 67 
OR bn tiithbntatdinbnitiiintnndgeeanihl 195. 79 62. 82 
Estimated mean annual runoff, driest 10- 
year period, 9 States...................- DT Se cebdicedei ene 
Estimated median annual runoff, 9 States. Ok: ) Mescpentdeitbeninterse 


2000, Bureau of | Possible total 


1955, other 1955, total 1955, pepuler Census series | water with- 
withdrawal withdrawal tion II-1 projection one. year 
Million acre Million acre- Million acre 

te feet Thousands Thousands fee 
. 33 8. 08 980 A Fini n os diganballins 
8. 61 34. 42 13, 032 I tics ninietienmiosiinnsae 
. 87 7. 94 1, 549 CE Eicinescuticcanidon 
1.68 2. 51 2, 060 I nt ceeiememnm ath 
.14 2. 29 225 BIMET Lindesatecsuecass 
-18 3.00 795 SEE Dincntetguuwceons 
84 1.09 2, 168 TE, aia ai enn ibieie 
7. 78 19. 25 8, 563 Be Bek idawecavdiase 
- 49 5.16 781 CC > aa 
20. 92 83. 74 30, 153 89, 284 160 
Gallons per day | Gallons per day Gallons per day 
617 2,4 600 


Per capita withdrawal, 9 States. ........- SEE eee, aT eReete reat 


9 BID | a nw ww www neem wen [oem wn neseeeneee . 





Should this level of use be continued to the year 2000, 
and a high-range population projection for the nine States 
be used (89.3 million),‘ annual water requirements would 
be on the order of 250 million acre-feet, and disappearance 
on the order of 125 million acre-feet. Should the level of 
per capita use be only the same as the national level sug- 
gested for 2000-(about 1,600 gallons per capita per day), 
total requirements.would be 160 million acre-feet. 

If a still lower consumption level is chosen, with per 
capita levels considerably below the 1,600 gallons per day 
national per capita requirement projected for 2000, total 
annual withdrawal requirements for the nine States would 
be 140 million acre-feet. This estimate is based on the 
U.S. Department of Agriculture projections of irrigation 
for the year 2000 within the nine States,® and the same 
level of nonirrigation water consumption as in 1955 (about 
617 gallons). In view of a much increased proportion of 
industrial water use for a population of 89 million as com- 
pared to the present, this probably is an unrealistically low 
level, assuming present use practices. 

Domestic and municipal requirements may be expected 
to remain about the same as at present, if illustrative past- 
term trends in municipal consumption are to be taken as 
indicators (fig. L). 

The mean or median runoff for a 25-year or longer period, 
as used above, does not tell the entire story of water avail- 
ability. The precipitation receipts of the Southwest, like 
other regions of low rainfall, show a wide amplitude in 
annual fluctuation. The averages of even a decade’s 
runoff may fall notably below the median of the longer 
record (table E). The driest 10-year average runoffs of 
Texas, New Mexico, and Nevada are only about two-thirds 
of the median. The weighted average for the nine States 
is 80 percent of median runoff in the driest 10-year period. 
For eight States, excluding California, it is 67 percent. 
Thus the average runoff for the nine States over their driest 
10-year periods may be only about 120 million acre-feet, 





¢ Bureau of the Census series IT-1. 

5 Resources for the Future, Inc., Annual Report, 1959, pp. 72-73. 

*U.S. Department of Agriculture,” Land and Water Potentials and 
Future Requirements,” Washington, D.C., 1959. 


well below the lowest estimate of requirements for a popu- 
lation of 89 million (140 million acre-feet). If the driest 
6-year period is considered, the average falls still lower, to 
about 63 percent of the estimated median, or a probable 
total of 94.5 million acre-feet. In Texas, the 6-year 
period of 1951-56 brought only 46 percent of the estimated 
median runoff. 


TaBLE E.—Average annual runoff during driest 6-year 
period and driest 10-year period and runoff of driest 
single year between 1921 and 1959, as a percentage of 
normal runoff, 9 Southwestern States 3 


Driest |Percent-| Driest |Percent-| Driest |Percent- 





State single | age of | 6 years | age of | 10 years| age of 

year | normal normal normal 

DOI. dhcc undoes 1956 33 | 1943-48 74 | 1950-59 76 

Oalitermit... . .cccorssse 1931 41 | 1929-34 69 | 1926-35 83 

SING « cncnmnh amet 1954 49 | 1951-56 81 | 1946-55 87 

aieedntonwant 1956 210 | 1953-58 67 | 1931-40 82 
IK, « «s oisinsitlancepia ie 193 18 | 1926-31 60 | 1926-35 

New Mexico........-- 1951 32 | 1951-56 53 | 1950-59 64 

Oklahoma..... 1939 1951-56 59 | 1931-40 77 

Dé naicgintiinnmmisia 1925 21 | 1951-56 46 | 1947-56 66 

| eee 35 | 1931-36 75 | 1931-40 79 

9 States (weighted) sasaki gdedcketndtetinanidnieia ein sida colthel GP Ridciead 80 


1 Median runoff cf the base period 1921-45, 
? Only 1 station in the State reported for the year. Eastern half of State is 
shown as having less than 25 percent of normal runoff. 


Source: Computed from data contained in Water Resources Review, 
published camealby by the U.S. Geological Survey. + pcre by State 
on the basis of 1 or more key gaging stations in each State 


For all water requirements depending directly or in- 
directly on runoff the possibility of bridging drought 
periods by reservoir storage may be considered. Could 
an annual supply equal to the normal runoff be obtained 
by construction of sufficient storage capacity? This possi- 
bility may be evaluated somewhat be considering the 
hydrologic situation of the State of Texas. Texas mean 
runoff is about 50 million acre-feet annually. Total 
water withdrawal requirements for the year 2000 could 
reach 39 million acre-feet, calculated from the series 
II-1 population estimate of 22 million and the estimated 
1,600-gallon daily national average consumption of 2000. 
Could adequate storage maintain an annual supply equal 
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to the total requirements, thus estimated, during the 
driest period of record? The answer appears to be “No.” 

The driest 10-year period of record in Texas was the 
period 1947-56, when the mean estimated runoff for the 
period fell to about 35.7 million acre-feet and the median 
of the period was 30 million. For the 6-year period 
1951-56, the mean was reduced to 24.2 million acre-feet 
table F). At the end of 1956 the cumulative departure 
from the long-term mean runoff in the State over 9 years 
was —156.8 million acre-feet. Such a deficit could not 
be met by storage, even if enough capacity were con- 
structed to provide the maximum obtainable regulation 
for the State, following Langbein’s regulation-capacity 
ratios and the Bureau of Reclamation estimates of average 
evaporation losses for western reservoir storage.’ The 
maximum obtainable regulation would be reached with 
about 150 million acre-feet of storage, which would net 
(because of evaporation losses) only about 113.5 million 
acre-feet of releases during a 9-year period. Thus storage 
alone could not meet the postulated withdrawal require- 
ments of 2000, even though the total storage capacity 
were increased to eight times that of the present (18.8 
million acre-feet in 1954) (table G). 


TaBLE F.—Estimated runoff in Texas, 1946-57, and cumu- 
lative departure of precipitation 


Annual Cumulative 
departure |Cumulative| departure 


Runoff! from departure | of precipi- 
long-term tation, from 
mean mean ! 

DM Rice. cineaniiinnndeeinibaantiiiniense 
ih a he heh sola 
36.1 —13.8 —13.8 —31 
40. 4 —9.5 —23.3 —81 
69. 4 +19. 5 —3.8 —O4 
18.6 —30.3 —34.1 -—l1 
24.8 —25. 1 —59. 2 —61 
45.7 —4,2 —63. 4 —100 
20.0 — 29.9 —93.3 —215 
22.3 —27.6 —120.9 — 265 
14.0 —35.9 —156. 8 —398 
73.2 +23. 3 —133. 5 —249 
ee Biikaiieede eckeadenucn hpddcbdsonse 
DLE icseeinacedidl atheinnaiinns betentniieninet 
ED iedsetsesbdslbdsnsedsesdelipnicdeaseer 





1 Millions of acre-feet. 


Source: Table C, col. IV and data pre 
Water Resources Division for the U.S. 
Water Resources. 


by the U.S. Geological Survey, 
ate Select Committee on National 


TaBLe G.— Usable reservoir storage capacity,! 9 Southwestern 
States, Jan. 1, 1954 


Usable storage 
acre-feet 

Riis ck in nck ne dd deh uadadieseeude 33, 246, 800 
I Se be cescts esis tihnd etek ts iehatiik hall cig athe tt 17, 700, 900 
SNE... sn nine nein etd adetibnm taws ets 3, 826, 700 
renuicipwenciiicniebintnatiinskins cede 4, 008, 700 
SPOR Stain a cages ieee dicbhutecswccus 673, 300 
NDR cx otiln wedi Gabanbitnadenned 3, 530, 700 
nis siemeiinihs Miata ta ceieieiniintneeciganasaninth 10, 248, 400 
a tian ihre aha nat 18, 852, 900 
liiinmn.+60¢blinsacndncbeabiaeabuease 2, 053, 200 

EE a ciiwenismnonnwowes 94, 101, 600 


1 Capacity in reservoirs of 5,000 acre-feet or more, 
Source: U.S. Geological Survey, Water Resources Division. 


1 Langbein op. cit., Geological Circular 409. 





These estimates are admittedly rough and subject to 
verification, but they do provide information of some value 
in assessing a pattern of water development in Texas and 
the other Southwestern States. The following conclusions 
seem reasonabie: 

(1) The situation described for Texas may be considered 
roughly typical for at least six other Southwestern States. 
Only California and Colorado, with partly different runoff 
patterns, would be likely toshow more certainty of bridging 
drought periods by storage releases to meet requirements 
in the pattern assumed above. 

(2) A vast program of water regulation would be neces- 
sary to meet a 1,600-gallon per capita daily withdrawal 
requirement for 89 million people in the 9 States. The 
already high per capita ratio of storage capacity in these 
States (3.1 acre-feet in 1954) ® would have to be almost 
doubled. Total storage in the amount necessary to bridge 
drought periods would be on the order of 525 million acre- 
feet. At 2.7 times the average estimated annual runoff 
this again approaches the theoretical maximum regulation 
possible on these streams. It means also that many of 
the later increments to regulation would be achieved at 
very high cost. In other words, the prospect of meeting a 
1,600-gallon per capita daily requirement from surface- 
water receipts for the series II-1 population of the year 
2000 would bring these States face to face with very high- 
cost water in preparing for anticipated requirements. 

It may be noted that the actual future withdrawal 
requirements, as estimated, do not necessarily place an 
equivalent demand upon flow or storage releases. Return 
flow from irrigation, sewage and industrial effluent, and 
cooling-water discharges all can return to stream courses 
or aquifers water that can be reused downstream or in local 
subsequent withdrawals. In most parts of the Southwest, 
however, there is a limit to such reuse because of the ever- 
increasing load of dissolved solids added to water so used, 
particularly in low-flow years. High dissolved solids 
content is a handicap of many southwestern waters, even 
as they occur naturally. Reuse intensifies this handicap 
because of evaporation, or because of flow through the 
many saline soils of the region. It could easily make much 
water unusable at the level of use required by the projected 
2000 population. For the Southwestern States as a whole 
it is almost axiomatic that a high degree of regulation will 
be sought so as to maintain quality during low-flow periods, 
unless this problem can be met in other ways. 

Accordingly, it will become profitable to these States 
and to the Federal Government: (a) to achieve efficiently 
the large amount of needed regulation (at the lowest cost 
which can provide the benefits anticipated); and (b) to 
examine and exploit other means of matching supply and 
requirements in addition to flow regulation. This may 
be done by controlling economic growth, reducing require- 
ments, exploiting new supplies, improving water of sub- 
standard quality, and other measures. 

The first of these alternatives, controlling economic 
growth, is not one that the region or the Nation should 
wish to consider. The other alternatives include all of the 
elements of comprehensive development, as defined in 
this report. 


® Average for the United States, 1.17 acre-feet in 1955. 
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OTHER REGIONAL CHARACTERISTICS TO BE CONSIDERED IN 
WATER DEVELOPMENT 


Several other eharacteristics of the southwestern environ- 
ment strengthen the conclusion that a pattern of compre- 
hensive water development should be applied to the region. 
The factors of water quality, elevation above sea level, 
size of the area, ground-water problems, adaptation of the 
area to present techniques of weather modification, and 
periodic soil-moisture deficits for nonirrigation agriculture 
will be mentioned briefly. 

Water quality 

The water quality problem of high dissolved solids 
content was mentioned briefly above. Aside from making 
many usable waters sensitive to deterioration in reuse, 
water quality is of interest because there are many millions 
of acre-feet of ground water in the region which are either 
of a limited use or unusable because of their dissolved 
solids content (figs. 6 and M). Both salinity and hardness 
are very widespread characteristics in the region’s surface 
and ground waters. As is already recognized by the 
United States in its saline-water program, low-cost desalt- 
ing can be of great benefit to many parts of the interior 
of this region as well as to the seacost areas. For the 
needs of the Southwest alone, research and pilot experi- 
ment on desalting should be continued until the technical 
problems are solved. Research, experiment, and later 
application of desalting definitely belong in the pattern of 
comprehensive development for the nine Southwestern 
States. 


Elevation above sea level and size of the area 


The distances to be covered in this region may be 
counted problems for water development both in terms of 
lateral extent and elevation above sea level. Nearly two- 
fifths of the land surface of the 48 middle latitude States 
are included within these 9 States. Even if total regional 
population reaches 89 million projected in the II—1 series, 
it still will attain a density of only about 80 per square 
mile. This is a general measure of the problem of dis- 
tributing water. Movement of water from districts of 
surplus to those of deficit will have to contend with dis- 
tance. In addition, a large part of the total surface of the 
area is at relatively high elevations above surplus water 
sources which may be considered as supplies. 

Well over one half of the total area of the nine-State 
region has an elevation in excess of 1,000 feet above sea 
level, and much of the area from central Texas, west 
central Oklahoma, and central Kansas west to the Sierra 
Nevada Range in California varies between 2,000 and 
7,000 feet above sea level. Water yield per square mile 
is relatively low throughout most of the area between 
1,000 and 7,000 feet. The major zones of precipitation 
and consequent water generation are peripheral to these 
elevated plains and plateaus. Aside from California, two 
major zones may be distinguished: first, the comparatively 
low Texas Gulf coastal plain together with the low plains 
in northeastern Texas, eastern Oklahoma, and eastern 
Kansas; and secondly, the southern Rocky Mountains, 
which rise above the prevailing levels of the water-deficit 
lands. 
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TaBie H. A model of lon 
conduit in 


A. Physical dimensions: 
Distance from intake to point of 


istance water transportation by 
estern United States 


OS A as 100 
2. Total lift (4 steps), feet.......--. 400 
3. Conduit diameter (internal), feet_ 9 


B. Conduit construction and maintenance: 
1. Type of conduit: lock joint steel 
pipe embedded in prestressed 
TR RE ae ae eee 
2. Conduit construction costs, per 
Be Seek hanckbaende> age $850, 000 
3. Total conduit construction costs. $85, 000, 000 
4. Annual operation and mainte- 


DAROS BEG cab anno cesece $425, 000 
C. Pumping facilities: 
1. Number of stations-~.--.-..----- a 
2. Individual Bon mping station ca- 
pacity, c eet per second-_- 465 
3. Amount of water lifted annually, 
eee conc nne 260, 000 
4. Total construction and equipment 
costs, 4 stations ?_......----- $4, 296, 000 
D. Miscellaneous investment costs *_ ~~ _--- $2, 000, 000 
> Total project investment costs-_--_-_----- $91, 296, 000 


Electric — er and pumping costs: 
. Annual sad requirements per 
plant, kilowatt-hours.......-. 
2. Power requirements per pumping 
lant per acre-foot, kilowatt- 
CE tcc ann eseaae 116 


30, 160, 000 


3. Total power requirements per 
acre-foot, kilowatt-hours__-_---- 464 

4. Assumed power costs per kilowatt- 
, hour, Ratnam tes da laai 5 

5. Pumping costs per plant per acre- 
WOR. céncdccd=ocenien+A- $0. 58 

6. Pumping costs per acre-foot for 
ESC ie a a $2. 32 
7. Total annual power costs. ------ $603, 200 

8. Annual operating and mainte- 

nance costs, except power, 4 
CS wee cece ne $400, 000 

G. Pinan 

Dt. ee ot bald op gienanae o 0 

2. — interest charges at 4 per- 
a a nn alae cs call endl $3, 651, 000 

3. kooeas sinking fund charges for 

conduit and other construction 
costs (50 years)__......------ $1, 740, 000 

4. Annual amortization charges for 

pumping plant and equipment 
costs (30 years)........------ $143, 200 

5. Total annual amortization 
Gv enivewehsnnivhdwnoa $1, 883, 200 

H. Cost summary: 

Total annual fixed and operating 
costs for the 100-mile line----- $6, 962, 400 
2. Annual costs per acre-foot- - . --_- $26. 77 

3. Costs of transporting 1,000 gallons 
of water 100 miles. -.......-- $0. 08 


1 Includes site preverstion, transportation of conduit sections to emplace- 
ment points, and backfilling. 

2 Assumes a static head of 100 feet, and a working head of 110 feet. 

3 Includes easement and costs of { transmission lead-ins. 


Runoff stored on the coastal plain of Texas or on the 
lowlands east of the margin of the Great Plains could only 
be made available to the southern Great Plains at the 
expense of a lift of hundreds or even thousands of feet. 
Thus water impounded at the 300 foot contour on the 
Brazos River, for example, and transported to the Lub- 
bock area of Texas would require a lift of about 3,000 feet 


—————————————————e 


meen 


On the west side of the Rocky Mountains, water col- 
lected by the Colorado River system issues from the 
mountains in deeply incised valleys and canyons. Thus 
use of water in Utah, Nevada, and Arizona would generally 
require considerable lifting. The situation is particularly 
difficult in Arizona. While the major areas of potential 
water use in southern Arizona are comparatively low, 
some 400 to 2,600 feet above sea level, generally below 
the level of the Colorado River at the point where it enters 
the State, the high southwestern lobe of the Colorado 
Plateau intervenes between the middle Colorado River 
and the major centers of population. 


Sources of selected cost estimates 


Pumping plant construction and equipment cost esti- 
mates are based on schedules of plant and equipment costs 
per unit of capacity and working headin: U.S. Department 
of the Interior, Bureau of Reclamation, “Estimating 
Data,” Specialist Supplement No. 1 to part 8 “Construc- 
tion Cost Estimates” of volume X “Design and Con- 
struction Reclamation Manual,” Tentative Edition, cor- 
rected to 1959 price levels on the basis of U.S. Department 
of the Interior, Bureau of Reclamation, “Construction 
Cost Trends,” Denver, Colo., 1959. 

Pumping costs computed from pumping cost data pub- 
lished annually for the Colorado River aqueduct by the 
Metropolitan Water District (Southern California), al- 
though a higher charge per kilowatt-hour was assumed than 
that prevailing at Parker Dam. Energy requirements per 
acre-foot of water lifted per unit of vertical distance were 
derived from Colorado River aqueduct data. 

Conduit construction costs were estimated on the basis 
of per-mile costs for construction of a similar line in Israel 
as part of the Jordan project, modified for labor cost 
differentials, construction practices, manufacturing costs, 
and other costs which might affect total construction costs 
in the United States. Capacity of conduit is also based 
on the announced capacity of the Israel line. Source: 
“Water Planning for Israel, the Central Israel Water 
Conduit, Preliminary Report,’’ Tel Aviv, October 1959. 

The economic meaning of these facts is suggested in 
table H, which describes in a general way the economic 
effect of distance and elevation in the movement of water. 
Water which has moved 400 feet upward over a hundred 
miles distance, already is becoming high-cost water because 
of the transportation component alone. The tendency of 
both distance and elevation thus will be to set some limits 
upon interbasin water exchanges and enforce dependence 
upon local supplies. This means that any measure which 
can reduce the cost of transportation or pumping, and 
any measure which can bring now unavailable local sup- 
plies into use, should be welcomed. Again, the search 
for and application of such measures is a part of compre- 
hensive development. 


Overdraft and other ground water problems 


The existence of heavy overdrafts on a number of im- 
portant aquifers in the region already is so commonly 
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known that it needs no documentation here. They may 
cause an increase in lifting distance, or salt water intrusion 
into aquifers. These problems already have been faced 
in some degree by individual States, particularly New 
Mexico. However, the continued existence of overdrafts 
of great volume, as on the Texas high plains, and the 
possible benefit from mining other unexploited aquifers, 
underline the need for an approach which integrates 
ground and surface water use and coordinates their de- 
velopment so as to assure an efficient matching of supplies 
and requirements within this century. Planning for the 
use Of surface waters in this region without simultaneous 
consideration of and planning for the use of ground water 
is only a half measure, and should be so branded. Thus 
the need for another element of comprehensive develop- 
ment is added. 


Adaptation of the region to present techniques of weather 
modification 

With all of their climatic and terrain handicaps, the 
southwestern nine States are favored in being one of the 
two sections of the country where the known methods of 
weather modification can be applied with some promise 
of results. The frequent occurrence of mountain ranges 
throughout the western two-thirds of the region gives it 
a major part of the terrain suited to the artificial modifi- 
cation of orographic rainfall. Although the author has 
noted elsewhere in this report the prevailing scientific 
opinion on the great need for fundamental meteorological 
study in this subject, continued experiment within the 
region and preparation for the appiication of weather modi- 
fication as a coordinated part of water supply techniques 
are warranted not only by the future water requirements 
of the region, but also by its special geographical environ- 
ment. 


Problems of soil water deficit in low rainfall periods 


In spite of the importance of irrigation to the Southwest 
it must be remembered that there are hundreds of thou- 
sands of square miles, particularly in the eastern half of 
the region, where agricultural land use is dependent upon 
soil moisture. Such land use is most susceptible to the 
hazards of drought. Although water storage can mitigate 
some hardships when the extended drought periods come, 
such storage does not show promise of influencing the 
welfare of more than a minor proportion of the dry farming 
and grazing areas of these States. More effective answers 
are likely to come only when the secrets of the rainfall 
cycle are unraveled to the point where projections can be 
made with some degree of certainty for rainfall receipts. 
This is a part of the effort which should be encouraged 
and supported in prognostic hydrology. Another impor- 
tant reason for the support of prognostic hydrology lies in 
the provision of basic data for planning stream regulation. 
However, the added reason found in the need for accurate 
determination of the moisture cycle makes prognostic 
hydrology an outstandingly important element in the 
group of comprehensive development techniques. 








A SKETCH OF COMPREHENSIVE DEVELOPMENT AS AN 
APPROACH FOR THE SOUTHWESTERN NINE STATES 


It has been suggested in the text of this report (sec. 
VII) that a technical study commission should recommend 
for the evolution—technically, scientifically, and adminis- 
tratively—of a pattern of comprehensive development of 
water resources in the nine Southwestern States. This is 
regarded as an essential first step in evaluating the poten- 
tialities of comprehensive development, should a policy of 
examining this approach be elected by the Congress. 
Nevertheless, it may be helpful to sketch in a general 
manner a possible comprehensive development approach 
in the Southwestern States. 


CONSTRUCTION 
AND 
OPERATIONS 
MANAGEMENT 
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RESEARCH 
AND 
EXPERIMENT 





In the following discussion, joint Federal-State action 
in planning is assumed throughout. Reference will be 
made only to public action, because this is the policy issue 
under consideration. At the same time, it is realized that 
private entrepreneurship does have an important place. 
There is no intention of minimizing the responsibilities of 
private organization by their omission in this description. 

One principle observed throughout the approach is that 
a desirable system of water development not only balances 
and meets efficiently the requirements of all purposes cur- 
rently, but also prepares well in advance for meeting an- 
ticipated future requirements, giving due consideration to 
the application of new technology. 


LEGISLATION 


APPLICATION AND 
PROPAGATION 
OF MANAGEMENT 
IMPROVEMENTS 


Figure N.—Some functions in the implementation of comprehensive development, as related to each other and to 
legislation. 


The implementation of comprehensive development may 
be described under four general functions: advance plan- 
ning, construction and operations management, research 
and experiment, and the application and propagation of 
management improvements. Their general relationship 
is shown in Figure N, along with their relation to the 
function of legislation. A very important function, at 
least in the initial stages of establishing a pattern of 
comprehensive development, is that of advance planning. 
In this step not only would the alternative methods of 
meeting expected requirements be anticipated, but the 
strategy of research and experiment and the application of 
appropriate management improvements would be deter- 
mined, Recommendations would be received from research 
and experiment and evaluated in their possible application 
to action programs. The possible activities which might 
be undertaken within these four functions are outlined 
below. The functions alone are discussed without reference 
to agency or administrative organization. 


Advance planning 

(1) The beginning of advance planning for comprehen- 
sive development, and indeed the logical beginning for any 
future water development in the Southwest, would be the 
construction of water consumption models by State. 
The responsibility for producing these models probably 
should be that of the individual States, undertaken with 
appropriate technical guidance and consultation by the 
Federal Government. The objective would be one of 
projecting the consumption pattern in its variations over 
time and space within the State, and arriving at estimates 
of requirements by periods. Consideration of the entire 
four decades up to the year 2000 does not seem 
unreasonable. 

(2) The second step under advance planning would be 
the application of prognostic hydrology to a determination 
of the available supply. The objective, insofar as technical 
capacities permit at any given time, would be that of 
projecting the availability of water within the State, and 
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by geographic sections, in its variation over time. The 
“bank account” of ground water would be considered, 
among other things. At least at the outset, primary 
responsibility for this function might well reside with 
the Federal Government, although the active cooperation 
of State agencies will be important. 

(3) The third step would be an application of operations 
analysis to the appraisal of alternatives of matching supply 
and demand, including stream regulation, demand engi- 
neering techniques, and other methods. Operations 
research can be applied to comprehensive development 
in its entirety as well as to the integrated multiple-purpose 
development alone. 

(4) It is certain that regulation of surface flow will turn 
out to be one of the important means for meeting require- 
ments. A fourth step therefore will be the design of future 
increments to the storage and regulation system, including 
the application of operations analysis techniques to that 
design. Advantage will be taken of system operation on a 
basin or interbasin pattern so as to harvest as many 
benefits as possible from scale economies. 

(5) In the light of the above appraisals and with the 
aid of pertinent additional data, strategies would be de- 
veloped for the conduct of research and experiment, and 
the application and propagation of management improve- 
ments. In the light of these appraisals and other pertinent 
data, instructions would be issued for such strategy, or 
recommendations for legislative action made. 

(6) As under present practices, plans and a schedule 
for construction of needed regulation facilities would be 
recommended for periods of the length determined as 
reasonable by the legislative bodies making appropriations. 


Construction and operations function 

A brief description of this function will suffice because 
it is an established activity, the outlines of which are well 
known. Detailed planning of projects designated for 
construction, and the actual construction of reservoirs, 
canals, conduits, and other means of transporting water, 
navigation channels, and other needed facilities fall under 
it. Operation and maintenance of all regulation works, 
facilities producing vendible services, and other opera- 
tional surveillance are included. One activity which 
probably should be added as routine is the monitoring of 
water quality. 


Research and experiment 

The vital importance of the research and experiment 
function to the realization and application of technical 
capacities in the future cannot be overstressed. The 
range of appropriate attention within this function is wide. 
It includes such subjects as the development of systems 
analysis methods for planning, the techniques of prognostic 
hydrology, water conserving agronomy, the application of 
weather modification, ground water exploration and ap- 
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praisal, desalting, lessening the cost of transporting water, 
evaporation-suppression storage techniques, and still other 
subjects. Research on some, of course, is being carried 
on at the present time. The difference which compre- 
hensive development will bring comes not only in added 
emphasis on techniques which publicly receive lesser 
attention now, but in an effort to attack future water 
supply problems on a broad front with a balanced strategy. 
It does not mean the centralization of water research in 
one or a few agencies, but rather the continuance of present 
research functions with the guidance of a coordinated view 
of potentialities and needs for research and experiment. 
Recommendations flowing from this function to advance 
planning can be one of the best assurances of future 
efficiency in development. 


Application and propagation of management improvements 

The construction and operations function is one impor- 
tant means of realizing development which has been 
planned and designed. It will continue to be so under a 
pattern of comprehensive development. At the same 
time, it is equally important to recognize a final func- 
tion, that of applying and propagating management im- 
provements. Where there are several alternatives, each 
of which can contribute a significant increment to the 
final efficiency of development, and where many entre- 
preneurs, both public and private, are responsible for final 
action, it is an unavoidable function. Its recognition will 
be especially important in a technological environment 
where improvements are proceeding at the rapid rate we 
expect them to. Included within this function would be 
all activities related to the application of “demand engi- 
neering,’’ including recycling techniques, agronomic water 
conservation, and planned location of demand. The estab- 
lishment of standards of efficient consumption, within a 
given use, the application of use priorities, and the integra- 
tion of ground and surface water management also come 
under this function. Action would be taken through pub- 
lication, public information programs, consultation with 
administrators, preparation of recommendations for legis- 
lation, and in other ways. 


NEED FOR FURTHER STUDY 


This sketch is not intended as a pattern for the appli- 
cation of comprehensive development to the Southwest 
without further study. It is instead an informational 
model for use in deciding whether or not further exami- 
nation of comprehensive development should be a part of 
immediate Federal policy. Nonetheless it is the author’s 
belief that an approach incorporating the idea of compre- 
hensive development can help the Southwest to provide 
the maximum opportunity for income growth, optimum 
opportunities for settlement, and opportunity for agricul- 
tural expansion. 





